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PRIZE PROBLEMS FOR STUDENTS. 


I. 
Tue abscissa and double ordinate of a segment of a common 
parabola are a and 8, and the diameters of its circumscribed and 
inscribed circles D and d; to prove that D+-d=a-}. 


Il. 


A great circle of the sphere passes through two given points ; 
find the rectangular codrdinates of its pole. 


II. 
If the two sides of a movable right angle are always tangents to 
a given ellipse, its summit will describe a circle concentric with the 
ellipse, the radius of which is equal to the chord joining the extremi- 
ties of the major and minor axes. 


IV. 

If a circle be described through the foci of an ellipse and any 
point in the conjugate axis produced ; to prove that the right line 
joining that point and one of the points where the circle cuts the 
ellipse, will be a tangent to the ellipse. 

VOL. I. 21 ( 153 ) 
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¥. 
If D represent any diametér of an ellipse, and P the parameter 
of D, to find when D + P is the least, and when the greatest, 
possible. 


The solution of these problems must be received by the first of 
April, 1859. 





REPORT OF THE JUDGES UPON THE SOLUTIONS OF THE 
PRIZE PROBLEMS, IN NO.I. VOL. I. 


Tue first Prize is awarded to G. W. Hutt, of the Senior Class of 
Rutgers’ College, New Brunswick, N. J. 


The second Prize is awarded to Wattzr Ho.iapay, Student of 
Mathematics, in the University of Virginia. 


Prize Solution of Problem I. 
“ Find 6 from each of the equations 
(1) tan 6 tan 2 6 -+- cot 0—=— 2, 
(2) 2 sin? 3 6 +-sin*?60=—2, 
(3) cos n 6 -+- cos (n — 1) 0= cos 0.” 


Equation (1) multiplied by tan 6 becomes 


(4) tan? 6 tan 26+ 1—— 2 tan Jd; 


‘ 2 tan 6 
and since tan 2 6= ——— 
by eer 1 —tan* 0? 


whence 2 tan 6 = tan 2 6—tan’é tan 24, 


we obtain, by substituting this value of 2 tan é in (4), and reducing 
tan 2 6—=— 1 
2.20 tan) (—1) = a+ 135 nat gn bm OTe 


All the roots are obtained by giving x all positive integer values. 


Equation (2), since 
2 sin? 3 6 = 1—cos 6 4, and sin? 6 d= 1— cos’ 64, 
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becomes cos? 6 6 -+- cos 6 6= 0, 


from which we get cos6é6=—0, and cos6é6——1l1. 


». 66=cos0=n2z+ 90 =na+icz .. $= SOT D* 


) z 
.. 66=cos—?(—1) = 2na+180°=2na-+2 .«. dae COT DS 
Equation (3), since 
cos né = cos (x — 1) 6cosé — sin (x — 1) dsind 

cos (n — 2) 6 = cos (n — 1) dcosé + sin(x — 1) dsiné, 
becomes by adding | 

cos 26 -+- cos (n — 1) 6 = 2 cos (x — 1) d cos d = cos; 
therefore cos 6 = 0, or cos(n—1)6= }. 

2. 6= cos"? On + 90° = Cerys, 


2. (n—1) 6=cos4=2mnx+60°=—2matja d= Ge 


These solutions are by Mr. O. B. Wueeter, student in the Univer- 
sity of Michigan. 

Prize Solution of Problem II. 

“The whole surface of a right cone is three times the area of the base. Find the 
vertical angle.” 

The convex surface is twice the area of the base. But the con- 
vex surface = perimeter of base x # slant height, and the area of 
base = perimeter X # radius. Therefore, since one area is twice 
the other, slant side = twice radius of base. .. the section contain- 
ing the axis is an equilateral triangle, and the vertical angle is 60°. 

This solution was given by Messrs. Evererr, Hitt, Paurrey, and 
TOoweER. 


Prize Solution of Problem III. 

“The sum of the squares of the reciprocals of two radii vectores from the centre of 
an ellipse at right angles to each other is constant ; the perpendicular from the centre, 
on the chord joining their extremities, is also constant. What part of the area of the 
ellipse is the circle whose radius is this perpendicular?” 
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The equation of the ellipse, referred io its centre and axes, is 

A? y? +- Bx? = A* B’, which, for z =r cos pg andy = r sin g, be- 
comes its polar equation, 
2 A? p 

~~ A? sin? g + B* cos? p’ 
the centre being the pole, and the transverse axis the prime radius. 
For 7’, the radius vector perpendicular to 7, g must be increased 
by 2 7. 


r 


ie A? B i A? B 

~~ A? sin? ( -+- 4 2) + B* cos? (pg +42) ~~ A?* cos? gp + & sin? ~’ 
1g di44+ ete 
“og Tt 


= ar > ys constant. 


Ce 





Let p denote the perpendicular; ¥-+-72 is the chord ; there- 
fore 


p vert == rr’, 


since both expressions denote the double area of the same triangle. 


_ ry! A? B 
f= a =F FP = a constant. 





, A? B? : 
But A Bx = area of ellipse, and ———, = area of circle. 
re 
area of circle AB ° 
“+ area of ellipse — 2° Bt — the required part. 


If from the extremity B of the conjugate axis lines be drawn 


to A and A’ the extremities of the transverse axis, and the angle 
ABA = 6, then 
A ‘ B 
VHB = sin } 0, and Via = coe 36. 
AB , ; 
os Ftp snie cos $6 = 3 sind. 
‘. area of circle = 3} sin 6 X area of ellipse. 


This solution combines those given by Messrs. Evans and Ever- 
ETT; the former gave the method of finding p’*, and the latter 
showed that the ratio of the areas equals sin 6. 
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Prize Solution of Problem IV. 

“Two circles, whose radii are FR and r, touch each other externally. If @ is 
the angle included between the common tangents to the two circles, prove that 
4(R—r) Vir» 

(2 +r)? 

The construction readily shows, that in the right triangle of 
which the hypothenuse and a side are R 4+-r and R — +r, that the 
angle opposite 2 —ris $6. Therefore 
R— _ 2Vir 
Ror ~, and cos $6 = vyi—sintd = pT» 


sind = 2 sin $6 cos 6= 


sin 06 = 


sin $6=— 
4(R—r) Vir 
(R-+ ry? * 


This is substantially the solution given by all the competitors. 


Prize Solution of Problem V. 

“Four circles may be described, each of which shall touch the three sides of a 
triangle, or those sides produced. If six straight lines be drawn, joining the centres 
of these circles two and two, prove that the middle points of these six lines are in 
the circumference of the circle circumscribing the given triangle.” 


Let ABC be the given triangle. Bisect its . one by the 
lines AH, BW, CE. These lines con- — 


by two tangents. JD is the centre of | 

the inscribed circle, and the centres of 

the three other circles, H, W, and £ | 

are determined by drawing H W, WE, | 

and E'H perpendicular respectively to 

CE, AH, and BW; for by this con- 

struction HW, WE, and EH are made to bisect, respectively, the 
angles BCS, CAQ, and ABT formed by tangents to the circles, 
and therefore contain the centres of the circles. Circumscribe about 
the triangle the circle AJB N O, and draw JB. 
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The angle JB O is measured by } (JA + AO); also the angle 
IDB is measured by }(JB + 00). But JB=TJA and OC = AO. 
.. the angle 7B O= IDB and their complements 7 BJ—= IE B. 

.. the triangles B DI and EIB are isosceles, and LI= I B=ID. 


Similarly it may be proved that VH= MD and WO= OD. 


, EI p ‘ 
Again, from the secants A # and FC, k= ot and from the sim- 


ilar triangles LA D and EC W, ws = ll Combining these two 


EK EI EK EIT EK 
EW ED—EI— EW—EK ~ ID Kw ™* 
£i=ID :. EX=AW. 

Similarly it may be proved that VN = NH and HL= TLE. 
Hence the middle points of the lines connecting the centres of the 





. EI 
proportions, 7, = 


four tangent circles are in the circumference of the circumscribing 
circle. 


This solution is by Mr. Grorcz A. Osporne, Jr. Several other 
solutions of this interesting problem are also of decided excellence ; 
and it is only for want of room in the Monthly that we do not 
recommend them for publication. The analytical solutions of 
Messrs. Grorce B. Hicks and Gzorce W. Jonzs, although long, 
are of a high order of merit. 

No complete sets of solutions of the Prize Problems in the second 
number of the Monthly have been received ; and none of the com- 
petitors are entitled to a prize. 

JOSEPH WINLOCK, 


CHauncey WriGHrt, 
TruMAN Henry SAFFOoRD. 





NOTE ON THE PROPOSITION OF PYTHAGORAS. 


By Rev. A. D. Wueexer, Brunswick, Maine. 


Tue truth of this proposition may be shown mechanically, by 
means of very simple apparatus. Two methods are here pre- 
sented. 

1. Cut from wood or pasteboard four equal right-angled tri- 
angles ; and three squares, corresponding to the three sides of one 


of those triangles. They may be disposed as in the figures below, 


and these figures are manifestly equal. Hence the larger square 
must be equal to the sum of the other two. 


?t#@+2ab=—e+ 2a), 


2. From any suitable material, cut out two squares, joined at 
one of their sides, as in Fig. 3. From these squares cut off the tri- 
angles ABC, BD E, as in Fig. 4, making A B = db; whence there 
will remain BD=a. We have then the squares upon the base 
and perpendicular. Let the triangle ABC turn on a hinge at 
C, until it comes into the position CHF, and the triangle B DE 
turn on a hinge at / until it comes into the position HGF. We 





— 160 — 


have then the square on the hypothenuse, which must of course be 
equal to the sum of the other two 

squares, since it is constructed out 

of them. 





NOTE ON THE INTERPRETATION OF ALGEBRAIC 
RESULTS. 


BY W. H. PARKER, 
Professor of Mathematics in Middlebury College, Vermont. 


In the discussion of algebraic problems, we sometimes find the 


result zero, arising from particular suppositions made upon the quan- 
tities that enter into the value of z. 


What is the proper interpretation of this result? At the risk 
of seeming presumptuous in discussing a question which already 
has the seal of authority upon it, I will attempt to answer it in part, 
by considering two cases which arise in discussing the following 
familiar problem. 

ProsteM. Upon a line on which two lights are placed, whose in- 
tensities at the distance 1, and whose distance apart, are given; it is 
required to find the point which is equally illuminated by them, 
assuming that the intensity of the same light, at different distances, 
varies inversely as the squares of the distances. 


A B 





Let AB, the distance between the lights, be represented by ¢; 
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and the distance of the required point from A considered as the 
origin of distances, by x. Let a= the intensity of the light A at 


the distance 1; and 4 = the intensity of B at the same distance. 
Then seme the intensity of A at the required point; and a 
the intensity of B at the same point. Since the intensities are 


equal at that point, we have the equation <= oma whence 


sin ae 
— Vaz yo 

If we suppose c= 0, and a>), or a<h, both values of x 
reduce to 0. How shall we interpret this? We are told, it shows 


2 


that the points of equal illumination coincide with the one where 
the lights are placed. If a> 20, obviously the interpretation 
would not be different. 
This conclusion appears to me unsound. Let us examine it. 
If the lights are placed at A, and AS be a unit of distance, 
A 4 } S 


then at 3 AS the intensities are (an a=) 4aand 45; at } the 
distance AS’ the intensities are 16a, 160; at =; the distance 100a, 
1004, and so on till we reach the limit which we are approaching, 
that is, the point where the lights are placed. By inspecting the 
expressions for the intensities, as we approach the point A, 4a, 4); 
16 a,164; 100a, 1004, we see that their relative intensity is 
the same throughout. If a= 1000 at the distance AS, it = 1000 
at the distance 0; which shows that when the lights are unequal, 
and occupy the same point on the line, that point cannot be as 
much illuminated by one light as by the other. 

The unsoundness of the conclusion may be exhibited in another 
way. Let it be required in the problem to find the point which is 
twice as much illuminated by one light as by the other. The values 





of x now become EELS If we suppose c= 0, and a> 24, or 
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a< 2b, both values of s=0; which shows (following the interpre- 
tation adopted in the previous case) that the points, which are twice 
as much illuminated by one light as by the other, coincide with the 
point where the lights are placed. 

In the former problem, when we were seeking the point of equal 
illumination, we found, even when a > 2 4, that the point where the 
lights are. placed is equally illuminated by them; now we find, 
when a > 24, that the point where the lights are placed is twice 
as much illuminated by one as by the other. That is, the point is 
at the same time both equally illuminated by the two, and twice as 
much illuminated by one as by the other. A process which leads to 
these contradictory results must of course be at fault. 

Shall we conclude, therefore, that algebraic reasoning is not 
always to be relied upon? By no means. Since all the transforma- 
tions in algebraic equations are made by the use of axioms, no logi- 
cal process is more simple or more reliable. If our primitive equa- 


tion be true, all the resulting equations are necessarily true. 


*The error to which I have invited attention is one of interpreta- 


tion. We call to our aid the algebraic process, to determine the dis- 
tance of the required point from the fixed point A. Algebra did 
not assume to prove that there is such a point (that was taken for 
granted in the very enunciation of the problem); but, if there be 
such a point, to determine its distance from the origin A. Now the 
result 0 shows that there is no such point on either side of the 
lights, and shows nothing more. Its language is “no distance.” It 
affirms nothing. It merely denies; and denies only in respect to 
every other point on the line. To the question, is that point 
equally illuminated? it gives no answer. As in the discussion of a 
general problem, each new supposition converts it into a new and 
particular problem; it may happen that some of these will contain 
impossible conditions. The one we have been considering is of 


* See p. 178. 
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this character. This we have already proved by the application of 
our assumed physical law, which shows, that, when the lights are 
together, if their intensities are unequal at any point on the line, 
they are unequal at every point. . 

The other case proposed is when c= 0, anda =. Here the 
first value of z= 0. This is said to show that the point occupied 
by the lights is equally illuminated by them. But it seems to me 
simply to deny that the point of equal illumination between the 
lights is anywhere else; without affirming the existence of such 
a point. “No distance” is its language here, as in the former case. 
When by an inspection of the problem, or by a formal application 
of our physical law, we find the new problem possible, then the 
algebraic result shows the position of the point. 

If, then, zero affirms nothing in regard to the possibility or im- 
possibility of the conditions of the question, and (like infinity) is 
sometimes the answer to an impossible problem; when we come to 
interpret such a result, we are not to proceed upon the assumption 
that the thing required in the problem is possible, as we do when 
the result is a real and finite quantity; but are first to determine, 
by considering the nature of the question, whether the conditions 
are possible or not, and interpret the algebraic result accordingly. 





THEORY OF THE INCLINED PLANE, FOR ELEMENTARY 
INSTRUCTION. 


BY THOMAS SHERWIN, 
Principal of the English High School, Boston, Mass. 


Let a heavy body, which we call W, of inappreciably small 
magnitude, be placed upon the inclined plane A C at the point W, 
and suppose that it is kept in equilibrium by a power P acting in 
the direction WP, AB being the horizontal base, and BC the 
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height of the plane. We are to investigate the relations of the 
power, weight, and pressure upon the plane. 

Let 6 be the angle of elevation of the plane, and g the angle 
which the direction of the power makes 
with the plane. The weight acting ver- 
tically, through W draw an indefinite ver- 
tical line, and take on it WE equal to as 
many linear units as the weight contains 
units of weight. Through # draw ED 
perpendicular to A C, and produce P W 

until it meets E Din F. The weight, represented in quantity and 
direction by WE, may, by the principles of the resolution of force, 
be resolved into two other forces, represented im quantity and direc- 
tion by WF and F £, the two other sides of the triangle WPL. 
The force WF, acting directly opposite to the power, must, in case 
of equilibrium, be equal to the power, and the force FL, acting 
perpendicularly to the plane, produces pressure which is resisted by 
the plane. Call this pressure py. The power, weight, and pressure 
are then represented respectively by WF, WL, and FL. 

Hence, P:W=WF:WE=sinFL W:sin WF E. 

But the triangles A.B Cand D W £ are similar, since each has a 
right angle, and since WZ is parallel to B C. Therefore the angle 
FEW=6; and sn WFE=sin WF D=cos FWD = cos g. 
Therefore, 

(1) P:W= sin 6: cosq. 

Again, P:p= WF:FE=sné6:snFWE. But rFWE= 
DWE—FWD= 90° —6—g=90°— (6+ g); ». sin FWE = 
sin [90°— (6 + )] =cos(6+q). Hence, 

(2) P:p = sin 6: cos (6 + g). 

Since the antecedents are alike in (1) and (2), the cosequents 
are proportional ; . 
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(3) W:p = cos :cos (6 +- @). 

The three proportions given above are general; that is, they are 
applicable, whatever angle the direction of the power may make 
with the plane. 

Suppose, now, that the power acts parallel to the plane. In this 
case ~ is zero, and (1), (2), and (3) become 

(4) P:W=siné:cos0 =sind:R=BO:AC; 

(5) P:p =siné:cos6= BC:AB; 

(6) W: p = cos0:cosé = R:cosdé = AC: AB. 

Hence, when the power acts parallel to the plane, the power is to 
the weight as the sign of elevation is to radius, or as the height of the 
plane ts to the length ; the power is to the pressure as the sine of eleva- 
tion is to is cosine, or as the height of the plane is to its base ; the weight 
is to the pressure as radius is to the cosine of elevation, or as the length 
of the plane is to us base. 

If the power acts parallel to the base, g becomes equal in value 
to 6; but it is negative, since it is reckoned below the line WC. 
Hence, pg = — 4, and (1), (2), and (3) become 

(7) P:W=siné:cos(—6) = sinéd:cos6= BC:AB; 

(8) P:p=sné:R=BC:AC; 

(9) W:p=cos6:R=AB: AC. 


Hence, when the power acts parallel to the base, the power is to 


the weight as the sine of the elevation is to ts cosine, or as the height of 
the plane is to the base ; the power is to the pressure as the sign of eleva- 
tion is to radius, or as the height of the plane is to the length ; the weight 
ts to the pressure as the cosine of the elevation is to radius, or as the base 
of the plane is to the length. 

Observe that, whether the power acts parallel to the plane or 
parallel to the base, the power corresponds to the height, and the 
weight corresponds to that part of the plane parallel to which the 
power acts. 
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Suppose g equal to the complement of 6; then (1) becomes 
P:W= sin 0:siné; and the power and weight are equal, as they 
evidently should be, since the power then acts vertically upwards. 


Likewise (2) becomes 
PXx0 
—— = 0). 
sin 0 

If the power acts downward and perpendicularly to A C, 
~ = — 90°, and (1) becomes 

PW amé:0 -. P= = © nak infinity ; and (3) gives 

W xX sin 

0 
Thus it appears that the power, when it acts perpendicularly to 


Pip =nané:0 -. 9 = 


W:p = 0:snéd « p = = infinity. 

the plane,.is infinite, and that, if such a power were applied, the 
pressure would also be infinite. But the expression for the power 
is, in this case, to be regarded rather as a symbol of impossibility, 
for no two forces acting at right angles to each other can be in 
equilibrium. 

The limits of possibility, consistent with equilibrium, for the 
direction of the power, are vertically upwards, and at right angles 
to the plane downwards. The direction may reach the former limit, 
and approach indefinitely near to the latter. The angle which these 


limiting directions make with each other is evidently the supplement 
of the elevation. Thus, HWN = 180° — 6. 

By examining proportions (1), (4), and (7), we see, since no 
cosine except that of zero can be so great as radius, that the ratio of 


the power to the weight is least when the power acts parallel to the 
plane. The power, therefore, acts most advantageously in this direc- 
tion. This truth is manifest independently of analysis, since the 
power acts directly opposite to that part of the weight which tends 
to move the body down the plane. 
If in (4) we call 6 zero, we have 
Wxo 


P:W=0:R..P=—%—-=0, 
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and the same supposition in (6) gives 
W:9 =: R: RB; 
showing that, in this case, the power is zero, and that the pressure 
is equal to the weight, as they manifestly should be, since the plane 
is horizontal. 
If in the same proportions we suppose 6 = 90°, we have 
P:W=R:R, and W:p = R:0 -. p= ~X*2 = 0. 


R 
Hence, in this case, the power and weight are equal, and the press- 


ure is zero. | 

It follows also from (4) and (6), that, since the sine increases and 
the cosine decreases with the increase of the angle up to 90°, the 
ratio of the power to the weight is less, and the ratio of the press- 
ure to the weight greater, the less the elevation of the plane. For 
the sake of simplicity we have supposed the weight to be of infini- 
tesimal magnitude. But all that has been demonstrated is applica- 


ble to a body of any magnitude, provided the weight acts at the 
point W, and the power acts in a direction which would pass 
through the centre of gravity of the body. 





NOTE ON TWO NEW SYMBOLS. 


BY BENJAMIN PEIRCE, 
Professor of Mathematics in Harvard College, Cambridge, Mass. 


Tue symbols which are now used to denote the Neperian base 
and the ratio of the circumference of a circle to its diameter are, 
for many reasons, inconvenient; and the close relation between 
these two quantities ought to be indicated in their notation. I 
would propose the following characters, which I have used with suc- 
cess in my lectures : — 

() to denote ratio of circumference to diameter, 
() to denote Neperian base. 
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It will be seen that the former symbol is a modification of the 
letter ¢ (circumference), and the latter of (dase). 
The connection of these quantities is shown by the equation, 


Qe = (—1)-V= 





THE NOTATION OF ANGLES. 


By James Mirxs Peirce, Cambridge, Mass. 


Proressor Perce, in his work on Analytic Mechanics, has intro- 
duced a method of denoting angles by writing the letters which 
represent the sides, one above the other. Thus, the angle between 
the axes of x and y in a rectilinear codrdinate-system is denoted by 
the symbol ¥, which may be read x-y. 

This method seems to answer, in the fullest possible manner, the 
purposes of a notation. It is at once simple and expressive. Each 
symbol, being determined by a principle and not chosen arbitrarily, 
carries its meaning on its face; and it is of course desirable that 
this should be true, as far as possible, of all notation, so that, in using 
general formulz, we may not be under the necessity of looking up 
the significations of the symbols which they involve. 

This system of notation may be somewhat further developed, 
and it will then be found to have other advantages besides those 
which have been pointed out. 


1. The system may be made universal in its application by using 
Greek letters to denote the directions of lines, without reference to their 
length. Thus, if @ denotes the axis in a system of polar codrdinates, 
the polar angle will be 5. 


2. This notation affords a distinction between the two opposite 
circular directions which may be supposed to belong to the same 
angle. If a line be supposed to revolve about the point 0, in the 
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accompanying figure, from the position @ to the position #, i 
amount of rotation will be measured by the 
angle 2; but if it revolve from to @, its 
rotation will be measured by g. Since these 
rotations are equal in amount, but opposite 


in direction, 


that is, inverse angular symbols are negatives of each other. 
3. By means of this notation, angles may be added by a mere 
inspection of the forms of their symbols. Thus we may write 
strts+i=ss 
for this is only saying that if a line rotate from d to ¢, then from 


é to y, thence to a, and thence to 8, the resultant rotation is meas- 
ured by the angle #. Again, by § 2, 


p—r—$tesstits+isi. 

Hence, if a polynomial which consists of angular symbols can 
be so arranged, that, when all its terms are made positive, the upper 
letter of the first term is the lower letter of the second, the upper 
of the second the lower of the third, &., the polynomial is equiva- 


lent to the angle made by the upper line of the last term with the 
lower line of the first. The same principle may be used to decom- 
pose angles. 

This proposition is identical with Hamiron’s Theorem of Ver- 
sions. (Quaternions, Arts. 49, 65, &c.) 

4, It is no objection to the rule of § 3, that it leaves a doubt 
as to whether the angles are to be measured in the most natural 
manner; that is, so as to be less than 180°. This ambiguity 
does not arise from the notation, but is inherent in the very 
notion of an angle, which may always have any one of an infinite 
series of values, differing by 360°. When, however, an angle is 
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treated through its trigonometric functions, this ambiguity may 
be disregarded. 

5. Some of the above remarks may be illustrated by a solution 
of the problem, Zo transform from one system of rectangular coérdinates 
in a plane to another. 

Let the old system be that of z, 7; let the new system be that 
of z,,7,; and let the codrdinates of the new origin, referred to the 
old system, be z° and 7’. 

Then, by § 3, po, n=t()*+7: 

The projections of 2, and y, on the axis of « are respectively 

%, COs 3, y,cos(4()-+ 3) = — y, sin? ; 
and their projections on the axis of y are respectively 
asin, y, sin(4 () + 2) = % cos 2. 
Hence the projections of the broken line formed by 2, and y, on 
the axes of x and y are respectively 
x2 — «4° = 2%, COs 7 -— y, sin 71, 


y—y =xa4sne-+ y, cost; 


and we have 


2 2° + 2, cos 3 — y, sin 3, 
y=y +usni+ x7, cos?. 

6. The proposed symbol gives no more difficulty in printing 
than an ordinary fraction. For instances in which it occurs ele- 
vated or depressed out of the line, see Prmcer’s Analytic Mechanics, 
pp- 5243 1, 5325s, 1015, &e., &e. 

This notation is recommended to the attention of mathematicians. 





* See Prof. Pemrce’s Note on page 167. Of the desirableness of especial sym- 
bols to denote the quantities named, there can be but little doubt ; and those suggested 
possess one essential requisite of a good notation, facility of use, as Prof. Pemcr’s 
experience in the lecture room proves. Besides, as obvious modifications of ¢ and 4, 
they can be easily distinguished and remembered. We hope to see them exclusively 
adopted in the Monthly. For the advantages of this “ Notation of Angles,” see the 
valuable work on Analytic Geometry by the Author of this paper. — Ep. 
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MATHEMATICAL PRINCIPLES OF DIALING. 


BY GEORGE EASTWOOD, 
Assistant in the Office of the American Ephemeris and Nautical Almanac, Cambridge, Mass. 


My object in preparing these papers on Dialing is simply to 
bring into the small space of a few pages what the student might 
otherwise be obliged to seek through many volumes. This being 
my sole aim, and claiming nothing for these papers on the score of 
originality, I have not thought it necessary to give credit even in 
those cases where there is no doubt about the authorship. 


I. HORIZONTAL DIALS. 

(1) It is not proposed in this place to enter into a history of Sun- 
dials. The invention of more exact and more accurate methods of 
measuring time, for all practical and scientific purposes, has, in 
a great measure, superseded their use, and deprived them of much 
of that interest and importance which were once ascribed to them. 
But, although their utility has been superseded by clocks and 
watches, the mathematical principles upon which they were and 
may be constructed remain unimpaired, and are eminently calcu- 
lated to amuse and instruct the aspiring student. 

(2) The following definitions ought not to be lost sight of: — 
A horizontal dial is one that is traced on a horizontal plane. 
A vertical dial is one: that is constructed on a vertical plane. It 


may be east, west, north, or south, according to the cardinal point which 
it may face. 


Vertical declining dials do not face any one cardinal point. 

Oblique dials are those constructed on planes which make oblique 
angles with the horizon. They have the name of reclining dials when 
they lean backwards from the observer, and proclining when they 
project forward. 

An equinoctial dial is tha® whose plane is perpendicular to the 
earth’s axis, or parallel to the equator. 
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The declination of a plane is an are of the horizon comprised 
between the plane and the plane of the prime vertical. 

The azimuth of a plane is the are of the horizon comprised be- 
tween the plane and the plane of the meridian, and is the comple- 
ment of the declination. 

The meridian of a plane is that meridian plane which is perpen- 
dicular to the plane of the dial. This plane differs from the meridian 
of the place, the latter being always perpendicular to the horizon. 

The substyle of a dial is the common section of its plane and the 
plane of its meridian, or it is the projection of the style of the dial 
upon its plane. In horizontal and in vertical south and north dials, 
the substyle coincides with the twelve o’clock hour line, but not in 
declining dials. 

The difference of longitude of a dial plane is the angle which the 
plane of its meridian makes with the meridian of the place. 

The /atitude of a dial plane is the angle which the axis makes 
with the plane; this is the latitude of the place where the dial 
would be a horizontal one. 

The style or axis of a dial must always point to the pole of the 
heavens. 

(3) The equinoctial dial being the simplest of all dials to con- 
struct, and the horizontal dial ranking next to it, we will begin our 

investigations with the latter. 

In the annexed diagram, 
then, let G LD H be a hori- 
zontal plane, on which a dial 
is to be traced; LOK a me- 
ridian line, O CF’ a straight 
line or rod in the plane of 
the meridian, pointing to the 


L pole, and making with OK 
the angle F 0 K, equal to the latitude of the dial. Suppose BAP 
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to be an equinoctial dial, OCF its axis, and C its centre. 
Produce (CA, the meridian line on this dial, to meet ZK in K. 
For obvious reasons, the plane of the shadow will turn uniformly 
about the axis 0 CF, meeting the equinoctial plane in some line 
CP Q, and the horizontal plane in an analogous line 0 Q. Let 
C,, C,, &e., be the hour lines after noon on the equinoctial dial, 
and OJ, O ITI, &c., the corresponding lines on the horizontal dial ; 
the former will make, with the meridian line C AX, angles pro- 
portional to the time from noon, and will be known when the 
hour is given, 15° being counted to the hour. Suppose now the 
plane of the equinoctial dial to be extended till it meets the hori- 
zontal plane in the line Q; this line of intersection of the two 
planes is obviously perpendicular to the meridian lines CK, OX. 
The problem to be resolved is, therefore, to find the hour angle 
KO Q at the centre of the horizontal dial, corresponding to any 
given angle KC Q at the centre of the equinoctial dial, which 
measures the time from noon. 
Let 4 = hour angle K C Q on the equinoctial dial, 
h’= hour angle K O Q on the horizontal dial ; 
then the right triangles CK Q, OK Q give 
KQ= CK tanh, 
K Q= OK tan i’. 
Put angle K 0 C= 8 = latitude of the place for which the dial is to 
be constructed; then, C being a right angle, we have 
CK= 0 Ksin 8, 
”. tan ’ = tanhsin 8, 
is the general equation of the hour angles on a horizontal dial, for 
any latitude. 
(4) If the dial, instead of being horizontal, be required to be a 
vertical north or south dial, a very slight consideration will convince 
the young student, that, if the vertical south dial were carried to a 
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place whose latitude is the complement of the given latitude, it 

would be a horizontal one for that place. The equation of the hour 

angles on a vertical south or north dial, for latitude , is, therefore, 
tan /’ = tan h cos. 

(5) Vertical east and west dials are described on vertical planes 
which coincide with the meridian plane. The style or axis of a 
vertical east or west dial is parallel to its plane at any given height 
above it. As the plane of its shadow turns uniformly about its axis, 
it will cut off from the line, which is perpendicular to the six o’clock 
hour line, distances which will be the tangents of the angles gener- 
ated by the shadow; that is, the tangents of the hour angles from 
six. If therefore d= height of the style, k= the hour angle from 
six, and /'= distance cut off by the shadow, then 

= dtanh. 


(6) And if 2 be taken for the hour angle from the twelve o’clock 


hour line, then 
h’=d tanh 


will answer for a polar dial. 





NOTE FROM G. W. HILL, ESQ., TO THE EDITOR. 


In Mr. Warson’s article in the January Number of the Monthly, 
on the curve of a drawbridge, I would like to notice that the inves- 
tigation could be much shortened. For, drawing vertical lines from 
the roller # and centre of gravity of the platform, along which lines 
the weights W, and W tend to move, and applying the principle of 
virtual velocities we have 


W,3 (a —r cosg) — Wo (“S*) = 0; 





W,9 (r cos gy) +- We (KE—7— 24) _ 9, 
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By integrating 
—  — 
W,r cos pg + W a iC Ls 2) — constant ; 
2 W, a? 
Wil 
2 Br cos gp — 2cr-+ r* = constant, 
which is the equation to the curve. 
Rutger’s College, Jan. 22, 1859. 





or, since == B, 





ON THE HORIZONTAL THRUST OF EMBANKMENTS. 


By Capt. D. P. Woopsury, U. S. Corps of Engineers. 


Waar is the horizontal thrust against a vertical wall of an em- 
bankment of homogeneous cohesive earth rising to an indefinite 
plane parallel to the natural slope? 

Let F = that thrust. 

Let df, parallel to the natural slope am, 
be the indefinite surface of the em- | 
bankment. 

Let F’ = the variable horizontal force | 

which, acting at right angles to ad, } 

shall be just sufficient to prevent the === 

descent of any prism adf along its base fa. @= the sur- 

face adf. 

Let angle daf =v; angle dam = a = 90° — the angle of friction. 

From d, the top of the wall and foot of the slope, let d p be drawn 
perpendicular to the natural slope,am. We shall find 


F= i (dpP=4 sin’? a; (4h = ad) 
and the prism of greatest thrust will be the trapezoid resting on a d, 


and bounded by the indefinite lines am and df. This anomalous 
result may be thus proved. 
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The variable forces ¥’ and Q may be resolved into the compo- 
nents F” cos v, Q sin v, perpendicular to af, and F” sinv, Q cosv, 
parallel to af. The force F’ sinv, acting along af upwards, must, 
assisted by the friction due to normal pressure on af, just equal the 
parallel and opposite force Q@ cosv; that is, 

(1) F’ X sinv + (F’ cosv + Qsinv) f= Q cos». 


For f substitute cot a = * 





es and reduce. There results 


(2) F’ = @ X tang (a — 2). 
(3) Buus Qe tadxXdfxXsma=thx as 


sin (a — v)’ 





~ ° sin @ si 
which gives Pui f 2. 
cos (a— v) 
Let v —-a—v; thena—v =v, 


F’ = + # sina (sin a — cosa tang 0’) 
(4) = thsina (h sina — hcosa tang v’) 
= tdp (dp—op)=tdpX do. 

The maximum value of ¥’ = F evidently corresponds to that 
direction of af in which 0 p is zero, or do = dp, hence 

(5) F= 4 sin? a = 4 (dp). 

The thickness of a rectangular wall able to withstand this thrust, 
the curve of pressure crossing the base at one third its length 
from the exterior edge, is given by the equation (e = thickness of 
wall), 

(6) FX th=ehX he; giving? = 2F,e=—hsina=dp. 

We have thus far supposed the density of the earth and of the 
wall to be the same, that is, unity. Let w = the weight of a cubic 
unit of the earth; w’ = the weight of a cubic unit of the wall. 
We have 


(7) F=to X (dp); ande= dp ¥3. 


The rule of the French engineers, which consists in doubling the 
horizontal thrust and determining the thickness of pile on the con- 
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dition that the resultant of the thrust thus increased, and the weight 

of the wall, shall pass through the exterior edge of the base, gives 
2FX th= the; ore=dp v3; 

or, introducing w and w’, as above, 


(8) e= dp \/2%. 

The ratio of e in (8) and (7) is 73 = .8164. That is, the 
“rule” does not give a sufficient thickness. Formula (4) includes 
the case of a perfect fluid; in which a being 90°, cosa is zero, and 
cosa X tanv’ = op = 0, whatever be the angle v’ or »v. 

The pressure of a perfect fluid therefore upon a vertical surface, 
which, the density being unity, is known to be 4/7’, is only a partic- 
ular case of a general law. 





[From Watrton’s Collection of Mechanical Problems.] 
PROBLEM IN PROJECTILES. 


By Prof. Loncrettow and Witt1AM WALTON. 


_—_—— 


Swirt of foot was Hiawatha; 

He could shoot an arrow from him, 

And run forward with such fleetness, 

That the arrow fell behind him ! 

Strong of arm was Hiawatha ; 

He could shoot ten arrows upward, 

Shoot them with such strength and swiftness, 
That the tenth had left the bow-string 

Ere the first to earth had fallen. 


Supposing Hiawatha to have been able to shoot an arrow every 
second, and, when not shooting vertically, to have aimed so that the 
flight of the arrow might have the longest range, prove that it 


would have been safe to bet long odds on him if entered for the 
Derby. 
VOL. I. 24 
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EDITORIAL REMARKS ON PROF. PARKER’S “NOTE ON 
THE INTERPRETATION OF ALGEBRAIC RESULTS.” 


A.tuouGH we cannot entirely agree with Prof. Parker in his con- 
clusions, still the question admits of discussion, as his interesting 


article clearly shows. Nor is Prof. Parker the only one who has 
ever doubted the correctness of the usual interpretation of the case 
in question, given by Bourpon and the many others who have used 
the “Problem of the Lights,” or the entirely similar problem of 
“Points of equal Attraction,” in the discussion of equations of the 
second degree. We know that many teachers, as well as students, 
have questioned it; and, what is more, those authors who have 
omitted the case altogether in their discussion of the problem, pretty 
evidently did not feel entirely satisfied with it. We are therefore 
much obliged to Prof. Parker for his clear and pointed statement of 
the issue, and beg to append the following remarks. 

We remark, first, that if the origin be taken at some point 0 
instead of A, and we put OA =a, 

O A B 





OB = 8, and let x denote the distance from 0 to the points of 
equal illumination ; then if a and 6 denote the respective intensities 
of the lights A and B, we have 
b 
(1) oo =s— * 
(2) (8 —xzfPa= («4 —a)*d; or 
(3) , eee. 
If now we suppose that § = a, that is, that the lights are to- 
gether at A, then 
a(¥atyo)__.. 
Va tb : 
and both roots = @ instead of ¢ero, to which they would be equal 


c= 
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if the origin were taken at the point occupied by the lights. If, 
therefore, the particular hypothesis introduces impossible conditions 
into the problem, the fact, if indicated at all by any peculiarity of 
the roots, must be indicated by the presence of equal roots, and not 
because they both happen to be zero for a special origin. But the 
equal roots do not of themselves necessarily indicate any impossibil- 
ity, and it is only by observing that the equation itself becomes 
impossible that we detect the fact that the hypothesis has intro- 
duced impossible conditions. When § = a = z, we obtain 
Fr x ex F x 5, 

and the roots « satisfy form (2), whatever be the intensities; but 
the members of the equation in form (1) become unequal infini- 
ties for unequal intensities, and this is where the symbol of impossi- 
bility appears. 

The fallacy consists in multiplying both sides of equation (1) by 
factors which become zero for the particular hypothesis ; and failing 
to attend to this consideration led Bourpon into the oversight. 


an. ol 
(x — a)? 
the curves corresponding to these equations, it is plain that their in- 
tersections will correspond to all possible solutions of (1). The in- 
tensity curve of the light A consists of two branches, to both of 
which the ordinate through the light is an asymptote ; the axis of z 


Again, if we put y= 


b 
and y/ = G—»” and construct 


¥) 


is also an asymptote to both branches. The same remark applies to 
the intensity curve of the light B. The right hand branch of A’s 
curve will cut both branches of B’s, and these two are the only 
points of intersection and the only solutions. 

When 8 = a, the ratio of the ordinates or intensities is 


y__a(a—z)*__ a 


fae me aaa ae constant 


for all values of z, including x =a; and therefore, when both 
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lights occupy the same point, and B’s intensity at a unit’s distance 
is less than A’s at the same distance, B’s intensity curve will fall 
entirely within A’s, and there is no intersection and no solution. 
When, therefore, two lights of unequal intensities occupy the same 
place, there is no point in space which they equally illuminate ; not 
even the one in which they are both situated. 

When the intensities are equal, that is, when a = 3, as well as 
8B = a@, the curves coincide throughout their whole extent, and this 
indeterminateness indicates that all points on the line are equally 
illuminated by the lights. But so long as there is any distance at 
all, however small, between the lights, the curves will cut in two 
points, and the problem will have two possible solutions. 

Finally, we remark that the error in question does not seem to 
us to be one of interpretation, as Prof. Parker supposes. It consists 
not in an impossible form of the roots, but in an amplicit fallacy, to 
which algebraic transformations are often liable. 


We must conclude, that when 2 = 0 is the true root of an equa- 
tion, it does not, like infinity, indicate impossible conditions in the 
problem, but must be interpreted in the usual manner. 





THEOREM ON RECTANGULAR COORDINATES, 


BY W. P. G. BARTLETT, 
Nautical Almanac Office, Cambridge, Mass, 


Tue well-known equation, 
cos 7 = cos ¥ cos ? — cos ¥ cos %, 


may be simply deduced as follows. Let the systems of axes inter- 
sect a sphere at zyz and 2’y/’z’, the origin of each system being 
placed at the centre of the sphere. Let the quadrantal spherical 
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triangle zy 2 be moved on the surface of the sphere into the position 
2 Yo 29, then in the same way into the position " 
2%) Yo 2’, and finally into the position 2’ y’ 2’. Let 
y' p be a great circle are perpendicular to the 
arc zy. Then from the various right angled | : 
triangles thus formed we get, by considering | 
the ares, the following relations between the 
angles which they represent. 
cos 7 = cos ;, cos 7’ = cos 7’ cos 7’ = cos? cos? cos” 
= cos ¥ cos ¥ cos (? },) = cos % cos 3’ (cos ¥ cosy + sin 4 sin J.) 
= cos ¥ cos }’ (cos ¥ cos 7, — cos 5 cos 2) 
= cos ¥’ cos } cos 7’ cos 7, — cos 7’ cos 5 cos 7 cos 2 
= cos %’ cos ;’ — cos ¥ cos 7’. 

I have used a German notation, w, to denote the difference 
between ¥ and 3, because p may fall on the other side of y. Although 
I have not been able to find this demonstration, I should be surprised 
if it had not been given before, Can any one furnish information on 
the point ? 





Hlathemuticul Monthly Potices. 


Asteroids for the Year 1859. A Supplement to the American Ephemeris for 1861, 


BesipeEs the opposition Ephemerides which have been published from time to time, by the 
Superintendent of the American Ephemeris and Nautical Almanac for comparison with obser- 
vations, this is the first regular issue of the Ephemerides of any considerable number of the 
Asteriod group as part of the American Ephemeris. The large number of the Asteroids al- 
ready known, with their probable increase, will make the preparation of this department no 
insignificant part of the annual labor ; and we propose therefore briefly to indicate the plan 
which has been adopted by Prof. Wrxtocx for carrying on this part of the work, Ist, The 
same epoch and intervals of time are adopted in all the computations of Special Perturbations. 
2d. The codrdinates of the disturbing planets, and all that part of the labor independent of the 
particular Asteroid, are once for all carefully computed and checked for the adopted epoch and 
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intervals ; thus saving the labor which must otherwise be performed for each separate Asteroid. 
3d. Instead of the usual frequent correction of the elements, they will remain unchanged until 
the perturbations have accumulated to such a degree that it will be a saving of labor to incorpo- 
rate them into a new set of corrected elements; and in the mean time any small corrections of 
the elements which may seem desirable will be combined with the perturbations. In this way a 
tolerably good set of elements will not probably need correction and change of epoch short of 
five thousand days. 4th. The computations of the Special Perturbations of all the Asteroids 
to which special methods are applied will be carried on simultaneeusly for the same dates, a 
labor-saving arrangement which no one but an experienced practical astronomer can fully 
appreciate. It gives us great pleasure to record this evidence of Prof. WinLock’s able 
and judicious superintendence of the American Ephemeris. 

This Supplement contains the Ephemerides of thirty-three of the fifty-six Asteroids, 
with Tables of elements and authorities. Almost the entire history of the Asteroid group, 
except a column of relative brightness to be added hereafter, is contained in the following 
pages, which we have thought it desirable to extract to save the readers of the Monthly the 
trouble of other reference ; and for the same reason we add the following definitions of symbols. 
The Ecliptic is the plane of reference, which the plane of the orbit cuts in a straight line, called 
“ The line of the Nodes.” 

The longitude of the Ascending node, or point through which the asteroid passes from south 
to north of the ecliptic, denoted by Q, is the angular distance of this point from the vernal 
equinox, or first point of Aries. 

The inclination of the plane of the orbit to that of the ecliptic is denoted by i, and the two 
elements @ and i fix the position of the plane of the orbit ; 

The longitude of the perihelion, denoted by 2, fixes the position of the orbit in its own plane, 
and is counted on the Ecliptic from the first point of Aries to the ascending node, then on the 
plane of the orbit in the direction of the Asteroid’s motion until we reach its perihelion, or 
point of least distance from the sun. 

The mean distance from the sun is denoted by a, the eccentricity by e, and these two ele- 
ments determine the size and shape of the orbit. The mean orbit longitude of the Asteroid for 
the epoch, denoted by L, is counted on the Ecliptic from the first point of Aries to the Ascend- 
ing node, then on the plane of the orbit in the direction of the Asteroid’s motion until we arrive 
at its place. The mean daily motion is denoted by », which enables us to find the mean orbit 
longitude for any date before or after the epoch. If one imagines himself standing at the Sun 
on the north side of the Ecliptic, the angles are counted from right to left, that is, towards the 
east, and the motions of the Asteroids are in the same direction. 

The Asteroids numbered Gi) and @i* have this interesting history: In 1856, May 23, 
Dr. Goldschmidt discovered Daphne. It was at this time near its conjunction, and was 
therefore lost in the sun’s rays before any thing more than the first rough approximation 
to its orbit could be obtained. In 1857, September 9, he again observed what he supposed 
to be the lost Daphne; but Mr. Schubert has shown that the two sets of observations do 
not correspond to the same orbit, and therefore that the Daphne of 1856 is still a “ missing 
star.” 

The following pages, on which are found the elements with authorities, are printed on dupli- 
cates of the electrotype plates prepared for this Supplement, for which we are indebted to the 
courtesy of Prof. WINLOCK. 
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@) Ceres.— Astronomical Journal, Vol. III. p. 165, by Mr. Ernest Scuvsert, from a 
thorough discussion of observations from 1832 to 1853, taking account of perturbations by 
Jupiter only. They have been reduced by him from 1854, January 0, to 1859, Septem- 
ber 7, by applying the perturbations depending on Jupiter and Saturn. Comparison with 
observations at opposition in 1858 gave Aa cos 8 = —5".2, Ad = +6".2. 


@) Pallas. — English Nautical Almanac for 1860, p. 572, by Mr. Farwey, from eight 
oppositions, 1845 to 1853, inclusive, reduced, by addition of perturbations, depending on 
Venus, the Earth, Mars, Jupiter, and Saturn, to 1858, May 29, Greenwich. They nearly 
satisfy all the observations made at Greenwich near the times of oppositions as far as 1855 
inclusive. 

@) Juno. — English Nautical Almanac for 1859, p. 564, from twelve oppositions, 1841 to 
1855 inclusive, reduced by addition of perturbations depending on Venus, the Earth, Mars, 
Jupiter, and Saturn. Comparison with Greenwich observations at opposition in 1856 gave 
4acos § = —10".7, 4 8 = +0".7, and at Konigsberg in 1858, 

Aa cos 8 = —21".0, 48 = +3".0. 


@ Vesta.— English Nautical Almanac for the year 1860, p. 575, by Mr. Farvey, from 
twelve oppositions, 1840 to 1855 inclusive, reduced by addition of perturbations depending on 
Venus, the Earth, Mars, Jupiter, and Saturn. They very nearly satisfy all the observations 
made at Greenwich near the times of oppositions as far as 1855 inclusive, and observations at 
K@6nigsberg in 1858, within about 5”. 

() Astrea.— Berliner Astron. Jahrbuch for the year 1858, by Professor Zecn. They 
have satisfied observations at seven oppositions, from 1845 to 1853 inclusive, and at the oppo- 
sition in 1856 gave, about, Aa cos 8 =+13”", A3 = +4”. 

©) Hebe. — Astronomische Nachrichten, Vol. XXXI. p. 13, by R. Lutner, from four 
oppositions, 1847 — 1850; in 1857 the errors at opposition were A a cos 8 = +21”, 438=— —7". 

@) Iris. — Astronomische Nachrichten, Vol. XXVIII. p. 277, by Mr. Ernest Scuvusert, 
from two oppositions, 1847 — 1848, reduced by addition of perturbations. | They have agreed 
with observations since, until 1858, when the errors were 

Aa cos 8 = 46”, A&S = 15". 

Flora. — Tables of Flora, by Professor F. Brinnow, Berlin, 1855. They were 
computed from four oppositions, 1848 — 1852. 

Metis. — Astronomische Nachrichten, Vol. XXXVI. p. 71, by J. Pu. Woxrers, from 
six oppositions, 1848-1852. Have agreed with observations since; at opposition in 1857 
the errors were Aa cos 8 =—11”, A438 = —1”". 

Hygea. — Astronomische Nachrichten, Vol. XXXIX. p. 347, by Professor J. Zecn, 
from five oppositions, 1849 - 1854, reduced by addition of perturbations. At opposition in 
1856 the errors were Aa cos 8 = —8", Ad = +1". 

@i) Parthenope.— Astronomische Nachrichten, Vol. XLI. p. 283, from four oppositions, 1850 
— 1854. Errors in 1857, Aa cos 8 = —3”", A8 = —6". 

(2) Clio.— Astronomische Nachrichten, Vol. XLV. p. 321, by Professor F. Briinnow, 
from six oppositions, 1850-1856. Tables have been constructed by him. 


(3) Egeria. — Astronomical Journal, Vol. Il. p. 282, by Professor J. S. Husparp, 1850 
-1851. Tables have been constructed by Professor Peirce. 
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@ Irene. — Astronomische Nachrichten, Vol. XLII. p.141,from four oppositions, 1851 — 
1855, by C. Brunns. At opposition in November, 1857, the errors were 


Aacos 8 = —4"”, AS = —1". 
(3) Eunomia. — Astronomical Journal, Vol. IV. p. 170, by Mr. Ernest Scuvsert, from 


four oppositions, 1851-1854. Have agreed well with observations since. At opposition in 
1858 the errors were Aa cos 8 = +3", 43 =—3". 


Psyche. — Provisional elements selected, and reduced by Mr. Scuusert by addition of 
perturbations preparatory to a new determination of the orbit. 

@) Thetis. — Berliner Astron. Jahrbuch, 1859, p. 419, by E. ScuéNFExD, from four opposi- 
tions, 1852-1856. The errors at opposition in 1857 were Aa cos 8 = —38", A438 = —13”. 

Melpomene. — Astronomical Journal, Vol. V. p. 41, from four oppositions, 1852 — 1856. 
At opposition in 1858, Aa cos 8 = +6", A3 = —3”". 

49) Fortuna. — Astronomische Nachrichten, Vol. XLVI. p. 247, by C. Poway, from 
four oppositions, 1852 — 1856. Errors at opposition in 1858, Aacos = —10", 48 = +5". 

@0) Massilia. — Astronomische Nachrichten, Vol. XLV. p. 287, by W. GUNTHER, from four 
oppositions, 1852 — 1856, perturbations by Jupiter alone being applied. In 1858, 

4acos8=—I11", A} =+1". 

@i) Lutetia.— Astronomische Nachrichten, Vol. XLVIII. p. 17, from four oppositions, per- 

turbations by Jupiter alone being taken account of. Errors at opposition in 1858, 


Aacos8 = +7", a8 = +1". 


Calliope. — Vienna Sitzungsberichte, 1855, by Dr. C. Hornstem, corrected by T. H. 
SAFFORD, Jr., so as to satisfy four oppositions, 1852 — 1856. 

@3) Thalia. — Astronomical Journal, Vol. V. p. 107, by Ernest Scuvsert, from four 
oppositions, 1853-1856. Errors at opposition in 1858, Aa cos 8 = +44", Ad=— +1". 

@) Themis.— Astronomische Nachrichten, Vol. XLVII. p. 161, by Dr. A. KrtGer, from 
four oppositions, 1853-1856. At opposition in 1858, Aa cos 8 = +2", A3=—1". 

Phocea.— Astronomische Nachrichten, Vol. XLVI. p. 129, by W. Gintuer, from 
three oppositions, 1853-1856. Errors in 1857, Aa cos 8 = +19”, A’ = —7". 

@@) Proserpina.— Astronomische Nachrichten, Vol. XLVIII. p. 171, by J. A. C. OupeE- 
MANNS, corrected by M. Hoek to satisfy four oppositions, 1853+ 1857. Errors at the oppo- 
sition in 1858, 4a cos 8 = +14”, 43 = —2". 

Euterpe — Astronomische Nachrichten, Vol. XLVIII. p. 229, by W. GintHer, from 
four oppositions, 1853 ~ 1858. 

@8) Bellona. — Berliner Astron. Jahrbuch, 1859, from two oppositions, 1854~1855. They 
have not been compared with observations since. 


@) Amphitrite. Astronomische Nachrichten, Vol. XLVII. p. 363, by W. Gintuer, 
from four oppositions, 1854-1858. 


@) Urania, — Astronomische Nachrichten, Vol. XLVII. p. 21, by W. Ginrner, from 
three oppositions, 1854 ~ 1857. 


Gi) Huphrosyne.—— Astronomische Nachrichten, Vol. XLI. p. 289, by A. Wixnecke, from 
one opposition, 1854-1855. Errors at opposition in 1857 were Aa cos 3 = +1”, A$ = +10". 
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63) Pomona. — Elements selected and reduced by Mr. Ernest Scuvusenrt, preparatory to 
a new determination of the orbit. 


63) Polyhymnia. — Selected for corrrection by Mr. ScuusBert. 


Circe. — Berliner Astron. Jahrbuch, 1859, p. 420, from*two oppositions, 1855 — 1856, 
by Dr. W. Kurnxekrves. At opposition in 1857, the errors were, 


Aa cos 8 = —14' 3”, Ad = —3! 45". 


68) Leucothea. — Selected for correction by Mr. Ernest Scuvusert. 

Atalanta. — Berliner Astron. Jahrbuch, 1860, p. 404, from two oppositions, by Dr. W. 
Forster, 1855 — 1857; agreed well with observation in 1858. 

62) Fides. — Astronomische Nachrichten, Vol. XLV. p. 17, from one opposition, by G. 
RumKer, 1855 — 1856 ; in 1857 they were in error about 20” in R. A. and 14” in Dee. 


68 Leda. — Berliner Astron. Jahrbuch, 1860, from one opposition, 1856, by M. Liwy ; 
agreed with observation in 1858 within about 2’ in R.A. and 1’ in Dec. 

69 Letitia. — Astronomische Nachrichten, Vol. XLV. p. 379, from one opposition, 1856, 
by M. ALLE. 

49 Harmonia. — Astronomische Nachrichten, Vol. XLIV. p. 281, from one opposition, 1856, 
by C. Powatxy. Did not agree well with observation in 1857. 

@i) Daphne. — Astronomische Nachrichten, Vol. XLVII. p. 26, from five days’ observations 
by C. F. Pape, very uncertain. 

@i)* Astronomical Journal, Vol. V. p. 174, by Mr. Ernest Scuvusert, from observations 
in 1857. 

@2 Isis. — Astronomische Nachrichten, Vol. XLVI. p. 91, from observations in 1856. In 
December, 1857, the errors were Aa=—1'.7, Ad =—0'.6. 

43 Ariadne. — Astronomische Nachrichten, Vol. XLIX. p. 39, by E. Wess, from observa- 
tions in 1857. 

4%) Nysa. — Astronomische Nachrichten, Vol. XLVIII. p. 253, by M. Gussrw, from obser- 
vations in 1857. 

. . + « Astronomische Nachrichten, Vol. XLVIII. p. 359, by M. Liéwy, from observa- 
tions in 1857. 

4) Hestia. — Astronomical Journal, Vol. V. p. 153, by J. C. Watson. 

@) Aglaia. — From observations in 1857, by T. H. Sarrorp, Jr. In February, 1858, the 
errors were Aa = +50", 48 = +20". 

@ Doris. — Astronomische Nachrichten, Vol. XLVII. p. 319, by C. Powavxy. 

Pales. — Astronomische Nachrichten, Vol. XLVII. p. 315, by C. Powavxy. 

Verginia. — Astronomical Journal, Vol. V. p. 118, by Mr. James Ferauson. They 
will probably give the place of the planet within 5’. 

6i) Nemausa. — Astronomische Nachrichten, Vol. XLVIII. p. 124, from a few observations, 
by Dr. W. Forster. 

Europa. — Astronomische Nachrichten, Vol. XLVIII. p. 221, by Dr. H. S. Scnurtz. 
Approximate. 

63) Calypso. — Astronomische Nachrichten, Vol. XLVIILI. p. 835, by W. Ozitzen. 

‘@ ... . Astronomische Nachrichten, Vol. XLIX. p. 185, by ScuJELLERUP. 

@) . . . . Astronomical Journal, Vol. V. p. 162, by T. H. Sarrorp, Jr. and S. Newcomn. 
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Period. 


Epoch. 





Date of Discovery. 


By whom Discovered. 
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1680.207 
1684.258 
1592.365 
1325.366 


1510.580 
1379.630 
1346.307 
1193.007 


1345.954 
2041.430 
1402.928 
1301.423 


1509.810 
1521.912 
1570.486 
1825.098 


1421.090 
1270.788 
1393.312 
1366.023 


1388.232 
1439.977 
1556.829 
2041.989 


1358.949 
1581.102 
1313.568 
1688.630 


1491.594 
1327.805 
2048.030 
1521.620 


1773.197 
1609.961 
1880.145 
1664.526 


1563.465 
1656.339 
1683.349 
1246.861 





2.765938 
2.770386 
2.668678 
2.361339 


2.576500 
2.425415 
2.386147 
2.201386 


2.385730 
3.149373 
2.452588 
2.332811 


2.575625 
2.589368 
2.644180 
2.922752 


2.473710 
2.296060 
2.441368 
2.409386 


2.435431 
2.495579 
2.628824 
3.149947 


2.401060 
2.656079 
2.347305 
2.775177 


2.554866 
2.364199 
3.156158 
2.589039 


2.867075 
2.688302 
2.981229) 
2.748705 


2.641907 
2.739685 
2.769387 
2.267148 





0.080257 
0.239367 
0.256176 
0.090204 


0.189992 
0.201657 
0.230832 
0.156704 


0.123321 
0.100557 
0.098887 
0.218920 


0.084873 
0.165230 
0.187357 
0.134225 


0.126865 
0.217078 
0.157922 
0.143696 


0.162045 
0.103630 
0.231732 
0.117504 


0.252533 
0.087521 
0.172896 
0.154507 


0.072383 
0.127174 
0.216013 
0.080617 


0.356987 
0.108253 
0.221025 
0.297900 


0.174798 
0.155576 
0.111075 
0.046085 





1859, Sept. 7.0000 
1858, May 28.7860 
1858, Jan. 28.7860 
1858, April 22.7860 


1849, Dec. 30.7488 
1857, Feb. 12.7488 
1858, July 18.7488 
1848, Jan. 0.7488 


1858, June 29.7488 
1851, Sept. 16.7488 
1858, June 26.7488 
1850, Dec. 30.7488 


1851, Dee. 5.0000 
1857, Nov. 19.7488 
1859, May 11.0000 
1860, Nov. 20.0000 


1856, April 3.7488 
1859, July 2.0000 
1858, Mar. 2.7488 
1858, April 20.7488 
1853, Jan. 1.7488 
1852, Dec. 30.7483 
1859, July 10.0000 
1856, Sept. 24.7483 


9.7488 
19.7488 
13.7488 
27.7483 


1857, July 
1857, Mar. 
1859, June 
1854, Feb. 
1859, July 8.7488 
1858, Oct. 8.7488 
1854, Dec. 30.7488 
1860, Jan. 24.7488 


1858, April 13.7488 
1855, April 9.4488 
1860, Feb. 14.0000 
1855, Dec. 30.7488 


1855, Dec. 30.7488 
1855, Dec. 30.7488 
1855, Dec. 31.7488 
1856, June 30.7488 





1801, Jan. 1 
1802, Mar. 28 
1804, Sept. 1 
1807, Mar. 29 


1845, Dec. 8 
1847, July 1 
1847, Aug. 13 
1847, Oct. 18 


1848, April 25 
1849, April 12 
1850, May 13 
1850, Sept. 13 


1850, Nov. 2 
1851, May 20 
1851, July 29 
1852, Mar. 17 


1852, April 17 
1852, June 24 
1852, Aug. 22 
1852, Sept. 19 


1852, Nov. 15 
1852, Nov. 16 
1852, Dee. 15 
1853, April 5 


1853, April 6 
1853, May 5 
1853, Nov. 8 
1854, May 1 


1854, Mar. 1 
1854, July 22 
1854, Sept. 1 
1854, Oct. 26 


1854, Oct. 28 
1855, April 15 
1855, April 19 
1855, Oct. 5 


1855, Oct. 
1856, Jan. 
1856, Feb. 
1856, Mar. 





Piazzi, at Palermo. 
Harding, at Gottingen. 
Olbers, at Bremen. 
Olbers, at Bremen. 


Hencke, at Driessen. 
Hencke, at Driessen. 
Hind, at London. 
Hind, at London. 


Graham, at Markree. 


De Gasparis, at Naples. 
De Gasparis, at Naples. 


Hind, at London. 


De Gasparis, at Naples. 


Hind, at London. 


De Gasparis, at Naples. 
De Gasparis, at Naples. 


Luther, at Bilk. 
Hind, at London. 
Hind, at London. 


Chacornac, at Marseilles. 


Goldschmidt, at Paris. 
Hind, at London. 
Hind, at London. 

De Gasparis, at Naples. 


Chacornac, at Marseilles. 


Luther, at Bilk. 
Hind, at London. 
Luther, at Bilk. 


Luther, at Bilk. 
Hind, at London. 


Ferguson, at Washington | 


Goldschmidt, at Paris. 


Chacornac, at Paris. 
Chacornac, at Paris. 
Luther, at Bilk. 
Goldschmidt, at Paris. 


Luther, at Bilk. 
Chacornac, at Paris. 
Chacornac, at Paris. 
Goldschmidt, at Paris. 
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| Nemausa. 190 12 40.0) 175 37 43.9 13.0) 10 14 39.4) 16 7.6380) 172 47 1.8 
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Halley’s. 304 32 16.6] 55 10 43.7| 75 19 40.2 | 162 14 54.9| 0 46.5067! 304 32 16.6 
Encke’s. 157 57 30.0] 334 23 34.0] 57 57 30.3) 13 4 15.0] 17 54.0500! 157 59 18.0 
Biela’s I. 108 58 52.7] 245 54 5.2; 49 7 23.6| 1233 49.6) 8 55.2767| 108 58 52.7 
Biela’s IL. 109 5 56.0, 24559 9.9| 34.5 | 1233 27.3! 8 58.7063 109 5 56.0 
Faye’s. 949 4.6) 299 45 93.4] 33 42 43.4) 11 21 iad 7 55.1849] 49 49 4.6 
Brorsen’s. | 115 43 44.4] 101 46 41.7} 5321 5.6| 29 4859.2 10 37.9355| 115 43 44.4 
Winnccke’s. | 5 59 53.0) 113  & 4 5.2 10 42 43.4; 11 48.0070! 275 59 33.3 
Tuttle’s. | 41 3.0] 55 : 18.9576 116 10 44.5 
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Date of Discovery. 
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| 2.400337 
2.533257 
2.433889 
2.203838 


0.202488 
0.202805 
0.222920 
0.167565 


2.430386 
2.742828 
2.539968 
| 2.880435 
3.106845 
| 3.086115, 
2.650994 
| 2.377912 0.062853 
3.098218 0.102270 
2.612894 0.180250 
| 
2.724332 0.188066 
2.778581 0.133791 


0.146618 
0.085469 
0.169487 
0.128134 
0.077105 
0.237660 








0.287150 





1856, May 31.2488 | 


1857, Sept. 16.2844 
1856, June 30.7488 
1857, April 16.7488 


1857, July 9.7488 
1856, Dec. 30.7488 
1857, Sept. 19.5000 
1857, Nov. 
1857, Oct. 
1857, Oct. 


30.7488 
30.7488 


1857, Oct. 
1858, Mar. 2.3400 
1858, Mar. 3.2052 
1858, April 27.2635 


5.0000 


1858, Sept. 25.1342 
1858, Sept. 27.3496 
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1856, May 23 
1857, Sept. 9 
1857, May 23 


1857, April 15 


1857, May 
1857, June 2 
1857, Ang. 
1857, Sept. 1: 
1857, Sept. 
1857, Sept. 


1857, Oct. 
1858, Jan. 
1858, Feb. 
1858, April 


22 
4 
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1858, Sept. 11 
1858, Sept, 11 
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Goldschmidt, at Paris. 
Goldschmidt, at Paris. 
Pogson, at Oxford. 
Pogson, at Oxford. 


Goldschmidt, at Paris. 
Goldschmidt, at Paris. 
Pogson, at Oxford. 
Luther, at Bilk. 
Goldschmidt, at Paris. 


“ “ 


Ferguson, at Washington. 


Laurent, at Nismes. 
Goldschmidt, at Paris. 
Luther, at Bilk. 


Goldschmidt, at Paris. 
Searle, at Albany. 
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1859.4 
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1871.9 





2.2488 
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Ghvitorial Jtems. 





Asapn Hatt, Esq., Assistant at Harvard College Observatory, says: “I have found the 
following erratum in ‘ Theoria Motus,’ Art. 83, page 108 of Davis’s translation. In the de- 
nominator of the right-hand member of the last equation in the Article, for cot } (N”— NV) 
read cot }(N”— N’). In an erratum previously sent by Mr. Hatt, » is misprinted for x. 

GrorGeE W. Jones, of the Senior Class of Yale College, solved all the prize problems 
in the October number of the Monthly, instead of GeorGE W. FisnHer, whose name was 
printed by mistake It gives us pleasure to add the following names to our list of co- 
operators and contributors: — W. LeRoy Brown, Principal of Bloomfield Academy, Joy 
Depot, Albemarle Co., Va. Gerarpus B. Docnarty, LL.D., Professor of Mathematics in 
the New York Free Academy. J. H. Goon, Professor of Mathematics in Heidelberg College, 
Tiffin, Seneca Co., Ohio. Joun F. LANNEAU, of Furman University, Greenville, S. C 
In our last Number we gave the Prize Problem in the “ Lady’s and Gentleman’s Diary ” for 
1859, hoping that some of our readers might feel sufficient interest in it to compete for the 
prize. Mr. Srmon Newcoms, Assistant upon the American Ephemeris, and Mr. GEorRGE 
B. Voss, Assistant in the U. S. Coast Survey, Washington, D. C., have sent us solutions, and 
we should like permission from these gentlemen to communicate their solutions to Prof. W. S. 
B. Woo.tnovuse, the Editor of the Diary...... Note from Rev. T. W. Hiaeinson to the 
Editor : — 

“ Worcester, Mass., January 14, 1859. 

“Dear Srr:— The enclosed note found its way into print without my intending or ex- 
pecting it; but I thought you might like to see it, as evidence of the value which we, in this 
direction, attach to your Magazine. I wish that the same thing could be done in other places; 
for I am satisfied that there are in many of our High Schools (certainly in this one), young 
mathematicians, both male and female, who can solve the easier portion of your prize problems. 

“ Truly yours, 
“T. W. Hiaernson.” 

“ LIBERAL OFFER TO THE Hian Scnoor.— We have been permitted to publish the 
following letter, addressed to Mr. CaLkrns, Principal of the Mathematical Department of the 
High School. It is gratifying to record such evidence of the interest our distinguished citizens 
are taking in this noble science : — 

‘Worcester, January 9, 1859. 

‘Dear Srr:— You have no doubt observed the prize problems in the Mathematical 
Monthly, and have formed an opinion as to whether your pupils could perform many of them. 
If you think it worth while, I would gladly promise a bound copy of Vol. I. of the Monthly to 
the member of your school sending the best solutions of the largest number of problems be- 
tween this time and the close of the volume. This might be an additional incentive to some 
wha distrusted their ability to gain Mr. RunKkte’s prizes. 

‘It would be an especial gratification to me if I could thus secure some female names 
among the monthly lists of those solving the problems. 

‘ Cordially yours, 
‘T. W. Hicerson.’” 
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This evidence of interest in the Monthly is deeply gratifying, and we are ready to co- 
operate in all possible ways to carry out the suggestion of Mr. Hiaarnson. If the teachers of 
Mathematics in our High Schools and Academies think our Prize Problems are too difficult, 
and will communicate those they think of the proper degree of difficulty, we will gladly insert 
five of them each month, entitled Prize Problems for Students in Academies, High and Normat 
Schools. The teachers and friends of each Institution can then offer such prizes, with such 
conditions, as they see fit. It would, however, be exceedingly desirable for each Prize Com- 
mittee to report to us at the end of the year; as we should then be able to show the relative 
standard of such institutions in regard to mathematical instruction, as well as announce the 
name of the student who had solved the largest number of the prize problems. 


Booxs Recervep.— Cours de Mécanique Appliquée; par M. Manistre. Paris: Mallet- 
Bachelier, 1858.— Lecons de Mécanique Elémentaire a l’usage Des Candidats & I’Ecole Poly- 
technique et & l’Ecole Normale supérieure; par M. Osstan Bonnet. Premiere Partie. 
Paris: Mallet-Bachelier, 1858.— Encyclopédie Mathématique ou exposition complete de toutes 
des Mathématiques d’aprés les principes de la Philosophie des Mathématiques de Hoéné 
Wronski; par A. S. De Montrerrrer. Tomes 1, 2,3. To be continued in monthly parts. — 
Physique a l’usage des Gens du Monde, 308 Magnifiques Vignettes. 12 mo.; par GANoT. 
Cours de Physique de l’Ecole Polytechnique. 8vo. JArmin.— Construction of Wrought- 
Iron Bridges; by LAtHam.— Manual of applied Mechanics; by Rankine. — Quarterly 
Journal of Pure and Applied Mathematics for Nov. 1858.— No. 1, of Vol. IIL. Nouvelles 
Annales de Mathématiques, Decembre, 1858. 


MatTueMATICAL Parers published by the Smithsonian Institution, in the “ Smithsonian Contri- 
butions to Knowledge.” 

Vol. II. Article I. Researches relative to the Planet Neptune; by Srars C. WALKER, 
Esq., pp- 60. 

Appendix I. Ephemeris of the Planet Neptune for the date of the Lalande observations of 
May 8 and 10, 1795, and for the oppositions of 1846, 1847, 1848, and 1849, pp. 32. II. Ephe- 
meris of the Planet Neptune for the years 1850 and 1851; by Sears C. WaLkeEr, Esq., pp. 
20. III. Occultations visible in the United States during the year 1851; computed by Joun 
Downes, Esq., pp. 26. 

Vol. III. Article II. Researches on Electrical Rheometry; by A. Seccut, pp. 60, and three 
plates. ; 

Appendix I. Ephemeris of the Planet Neptune for the year 1852; by Sears C. WALKER, 
Esq., pp- 10. II. Occultations visible in the United States, and other parts of the world dur- 
ing the year 1852; computed by Jonn Downes, Esq., pp. 36. 

Vol. VIII Article IV. The Tangencies of Circles and of Spheres; by BENJAMIN 
AtvorD, Major U. S. Army, pp. 16, and nine plates. 

Vol. IX. Article II. On the Relative Intensity of the Heat and Light of the Sun upon 
different latitudes of the earth; by L. W. Meecn, pp. 58, and six plates. 

Appendix. New Tables for determining the values of the Coefficients in the Perturbative 
Function of Planetary Motion, which depend upon the ratio of the mean distances; by Joun 
D. Runkte, Assistant in the office of the American Ephemeris and Nautical Almanac, pp. 64. 
Asteroid Supplement to New Tables for determining the values of b{ and its derivatives; by 
Joun D. Runkte, pp. 72. 

Besides the above, the Appendices to Vols. VIII. and IX. contain a list of the “ Publications 
of Learned Societies and Periodicals in the Library of the Smithsonian Institution. Part L 
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pp- 40; part II. pp. 38.” These Appendices show the very great value of this department of 
the Library, and it is gratifying to observe that almost the whole of this invaluable collection 
has been donated to the Smithsonian Institution by the various Societies. 


MATHEMATICAL Papers published by the American Academy of Arts and Sciences, in the New 
Series, commenced in 1833. 

Vol. II. Article IV. The latitude of the Cambridge Observatory, in Massachusetts, deter- 
mined from transits of stars over the prime vertical observed during the months of December, 
1844, and January, 1845, by William C. Bond, A. A. S., Major James D. Graham, A. A.S., 
and George P. Bond; by Bensamin Pernrce, A. A. S. 

Vol. III. Article VI. Some Methods of computing the Ratio of the Distances of a Comet 
from the Earth; by Grorcr P. Bonn, Assistant at the Cambridge Observatory. 

Vol. IV. Article VII. On some Applications of the Method of Mechanical Quadratures ; 
by GrorGe P. Bonn. 

Vol. V. Article VII. On the Rings of Saturn; by Georcer P. Bonp. 

Vol. VI. Part I. On the Use of Equivalent Factors in the Method of Least Squares; by 
GrorGE P. Bonp. 

There are many other papers in these volumes of great value, but of a less decided mathe- 
matical character, which we do not include for want of space. 





Ohituarn, 


Decease of Professor Witt1AM Crancnt Bonn, the distinguished Director of the Observatory of 
Harvard College, aged 69 years. 

Tus melancholy event occurred on the afternoon of Saturday, January 29, at the 
Observatory. An affection of the heart, with which he had been afflicted for several years, 
finally terminated in his sudden, but not unexpected, death. Thus has passed away one of the 
most eminent and successful cultivators of Astronomical Science. His various papers, published 
in the “ Memoirs of the American Academy of Arts and Sciences,” the various “ Astronomical 
Journals,” the “ Annals of the Astronomical Observatory of Harvard College,” his many bril- 
liant discoveries in Astronomy, the invention of the “ Spring Governor” for recording 
astronomical observations by means of electro-magnetism, are among the monuments of the 
ability, skill, and industry which have marked his honorable career. And his claims to dis- 
tinction have been recognized by his contemporaries. In 1842 Harvard College gave him the 
honorary degree of Master of Arts; he was a Member of the American Academy of Arts 
and Sciences, Member of the American Philosophical Society of Philadelphia, and of the 
National Institute at Washington, Associate of the Royal Astronomical Society of London, 
Corresponding Member of the Institute of France, the Philomathic Society of Paris, the 
Accademia de’ Nuovi Lincei at Rome, the Society of Natural Sciences at Cherbourg, and also 
of other learned societies. 




















SCIENTIFIC BOOKS, 


IMPORTED AND FOR SALE BY 


JOHN BARTLETT,...CAMBRIDGE. 





*,* Orders for the Importation of English, French, and German Books will be promptly executed, 
and at moderate prices. 


BOOKS FOR PUBLIC LIBRARIES IMPORTED FREE OF DUTY. 


ApueMar. Le Traité des Ponts biais. 8vo, et atlas in fol. $8.00. 'D’Aunursson. ‘Treatise on Hydraulics. Translated by Joseph 
ANNALES DE L’OBSERVATORIE IMPERIAL DE Paris. Par Le Bennett. 8vo. 

Verrier. 3 vols. in 4to, hf. cf. $24.00. De ta Rive. Traité d’Electricité theorique et appliquée. 3 vols. 
ArmstronGc. Steam Boilers. 30c. | 8vo, hf. mor. $9.00. 
Aupg. Ponssée des Terres. 8vo, hf. cf. $1.87. 
Baker. Treatise on Statics and Dynamics. 30c. 38 vols. 8vo. $22.00. 

Treatise on Land Surveying and Engineering. 30c. | Detiste. Géométrie Analytique. 8vo, hf. cf. $3.00. 
Bartow. On Materials and Construction. 8vo. $4.80. | De Morean. Differential and Integral Calculus. 8vo. $2.00. 
Biot. Refractions Atmospheriques. 4to. $1.25. Dempsey. ‘Treatise on Drainage and Sewerage of Towns and 
—-. Traité des Equations differentielles. Hf. mor. $2.00. Buildings. 45c. 

Brack. Iron Highways from London to Edinburgh, &c. ————. Treatise on Drainage and Sewerage of Districts and 
$1.00. Lands. 30c. 
Bianp. Algebraical Problems. 8vo. (Second-hand.) $1.50. | Donson. On Foundations and Concrete Works. 30c. 
Key to do. 8vo. ™ -75. | Dopson. On Masonry and Stonecutting. 60c. 
Philosophical Problems. 8vo. : 31.50. -. On Bricks and Tiles. 30c. 
Booru. Theory of Elliptic Integrals. 8vo. $2.25. DonameL. Cours d’Analyse Calcul infinitésimal, 2vols. 8vo, 
Borpen. System of Railway Formule. 8vo. $2.25. pp- 300; hf. mor. $5.00. 
Bourcuaryat. Elements de Calcul differential, et du Calcul| —~-——. Cours de Mecanique. 2 vols. 8vo, pp. 300, hf. 
integral. 8vo. $2.25. mor. $4.50. 
Bourpon. Application de PAlgébre a la Géométrie. 8vo, hf.| Dupin. Application de Géométrie et de Mecanique & la Marine 
cf. $3.00. aux Ponts et Chaussées. 4to, hf. mor. $4.50. 
Bourne. Treatise on the Steam Engine. 4to. $6.00. . Developpments de Géométrie. 4to, hf. mor. $4.50. 
Bow. Treatise on Bracing. 8vo. $1.12. ——. Géométrie et Mecanique, appliquée aux arts. 8vo, hf. 
BranvE. Dictionary of Science, Literature, and Art. 8vo. $7.50. ef. $2.50. 
Breton. Traité du Nivellement. 8vo. $2.50. EarnsHaw. Dynamics. 8vo. (Second-hand.) $1.50. 
Buck. Oblique Arches of Bridges. 4to. $3.75. Emy. Traité de la Charpenterie. 2 vols. in 4to, et atlas in fol. 
Burcoyrne. Blasting and Quarrying Stone. 30c. hf. mor. $25.00. 
Burney. Treatise on Limes and Cements. 30ce. FarrBairn. On the Application of Cast and Wrought Iron to 
Bury. Rudimentary Treatise on Architecture. 45c. Building Purposes. 8vo. $3.50. 
Cattet. Tables de Logarithmes. 8vo, hf. cf. $5.00. ————.. Useful Information for Engineers. 8vo. $3.25. 
CarMIcHAEL. Treatise on Calculus of Operations. 8vo. $2.75.| Ferauson. Handbook of Architecture. 2 vols. 8vo, hf.cf. $12. 
Cuastes. Traité de Géomeétrie Supérieure. 8vo, hf. cf. $6.00.| Fiscner. Logarithmic Tables of Seven Places. Translated 
CuauveNneT. Trigonometry. 8vo. from Bremiker’s Vega. 8vo,hf. mor. $2.50. 
Cuoquer. Traité elémentaire d’Algébre. 8vo, hf. cf. $2.00. | Francasur. Cours complet de Mathematiques pures. 2 vols. 
Civit ENGINEER AND ARCHITECT’s JOURNAL. Monthly. 4to. 8vo. $5.00. 
London. $7.50 per annum, post-paid. Ganot. Traité elémentaire de Physique. 12mo. $1.75. 
CrarK. Britannia and Conway Tubular Bridges. 2 vols. 8vo,|Garsett. Principles of Design in Architecture. 60c. 
and atlas folio. $28.50. Gauss. Méthode des moindres carrés. 8vo, hf. cf. $1.62. 
Cieee. Architecture of.Machinery. 4to. $2.00. . Theoria Motus. Translated by C. H. Davis. 4to. $5.00. 
Crevie. Journal fur die reine und augewandte Mathematik.| Gayrriers. Manual des Ponts et Chaussées, 2 vols. 18mo, 
$4.00 per annum. hf. cf. $3.00. 
Cournot. Traité elémentaire de la theorie des fonctions, et du Gittesrre. Land Surveying. 8vo. 
Calcul infinitesimal. 2 vols. 8vo. $4.00. . | —————. Roads. 8vo. 
Courtenay. Calculus. 8vo. |Goprray. The Lunar Theory. 8vo. $1.62. 
CresweEtt. Treatiseon Spherics. 8vo. (Second-hand.) $1.00.| Grant. Plane Astronomy. 8vo. $1.75. 
Cresy. On Bridge Building, and Equilibrium of Vaults and Grecory. _ Differential and Integral Calculus, by Walton. 
Arches. Folio. $10.00. 8vo. $5.50. 
——. Cyclopedia of Engineering. 8vo. $15.00. | Happon. Differential Calculus. 30c. 


a 


Treatise on Electricity, in Theory and Practice. 
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Hamitton. Lectures on Quaternions. 8vo. $6.30. Nevitite. Hydraulic Formule. 8vo. $2.75. 
Hann. Integral Calculus. 30c. Nicox. Cyclopmdia of the Physical Sciences. 8vo. $3.75. 
HANN AND GENNER. On the Steam Engine. 8vo. $2.75. |Oxrvier. Theorie géométrique des Engrenages. 4to, hf. mor. | 
Hart. On Oblique Arches. 4to. $2.40. | $3.75. 
Haskoti. Railway Construction, from the setting out of the ~. Developpements de Géométrie Descriptive. 2 vols. | 
centre line to the completion of the work. 2 vols. Roy. 8vo. 4to, hf. mor. $9.00. | 
Plates. $12.50. — . Complément de Géométrie Descriptive. 2 vols. 
HeatuerR. Descriptive Geometry. 30c. 4to, hf. mor. $9.00. 
HemmincG. Differential and Integral Calculus. 8vo. $2.75. |————. Mémoires de Géométrie Descriptive, Theorique, et 
Hencx. Fieldbook for Engineers. 18mo. Appliquée. 2 vols. 4to, hf. mor. $9.00. | 
Hucues. Treatise on Gas Works. 90c. | ———. Application de la Géométrie Descriptive. 2 vols. 4to, 
Hutron. Mathematics. 8vo. $4.00. | hf. mor. $10.00. 
Recreations. 8vo. $4.00. | Parkinson. Elementary Mechanics. Post 8vo. $2.87. 
Hutton. Mathematical Tables. 8vo. $3.75. |Perrce. Analytic Mechanics. 4to, cloth. $7.50. 
Hymer. Plane and Spherical Trigonometry. $2.50. i———, J. M.. Analytic Geometry. 8vo. $1.50. 
Algebraic Equations. 8vo. $3.00. Puear. Elementary Hydrostatics. Post 8vo. $1.62. 
Analytical Geometry. $3.00. |Poinsor. Eléments de Statique. 8vo, hf. cf. $2.50. 
Differential Equations, and Calculus of Finite Dif-| Poisson. Mecanique. 2 vols. 8vo. $6.00. 
ferences. 8vo. $3.60. | PonceLet ET Lessros. Experiences Hydrauliques. 4to, hf. 
Integral Calculus. 8vo. $3.00. mor. $4.00. 
Geometry of Three Dimensions. 8vo. Cloth. $3.00.'| PontecouLant. Systeme du Monde. 4 vols. 8vo, hf. cf. $16.00. 
——. Conic Sections. 8vo. (Second-hand.) $1.25. Pou1LtLet. Elements de Physique Experimentale. 3 vols. 8vo, | 
JAMIESON. Solutions of the Senate Howse Rider. 8vo. $2.25. hf. ef. $7.50. 
JELLETT. Calculus of Variations. 8vo. $4.50. |PraLy. Construction des Voutes biaises. 8vo, hf. cf. $1.87. 
Kéuver. Logarithmisch Trigonometrisches Handbuch. 8vo.| Price. Differential and Integral Calculus. 3 vols. 8vo. $14.50. | 
$2.12. QUARTERLY JOURNAL OF PURE AND APPLIED MATHEMATICS. 
Lacroix. Traité du Calcul Differential et du Calcul Integral. Sylvester. Feriers & Co. $6.00 per annum. Post paid. 
3 vols. in 4to, avec 18 pl. Mor. fine copy. $35.00. . 1855-8. 8 Nos. $12.00. 
LaGranGeE. Mecanique Analytique. 2 vols. 4to, hf. mor. $13.00.|Srrret. Cours d’Algébre supérieure. 8vo, hf. cf. $3.50. 
Theorie des Fonctions Analytiques. 4to, hf. mor.| Sewexii. Treatise on Steam and Locomotives. 30c. 





$6.00. |Simms. On the Use of Instruments. 8yo. 
Traité des Equations Numeriques de tous les de-| Simms. (n Levelling. 8vo. 
grés. 4to, hf. mor. $5.00. Smiru. Linear Drawing. 8vo. 
Latanpe. Tables de Logarithmes. 18mo. 60c. | Topographical Drawing. 8vo. 
Lapiace. Systeme du Monde. 4to, hf. mor. $5.50. SoLuTIoNS OF THE CAMBRIDGE PROBLEMS. 1848 to 1851. 
Law. Civil Engineering. $1.37. | Ferrers and Jackson. 8vo. $4.50. 
Constructing and Repairing Roads. 30c. 





1854. Walton 
LecenpDreE. Traité des Fonctions Elliptiques. 3 vols. 4to, hf. | and Mackenzie, 8vo. $3.25. 





Cam- 


| 
| 
| 
| 
mor. $20.00. - 1857. 
| 


Leroy. Traité de Stéréotomie comprenant les Applications de 
la Géométrie Descriptive a la Theorie des Ombres, la Per- | 
spective Lineaire, la Gnomonique, la Coupe des Pierres et la $2.25. 
Charpente. In 4to, avec atlas de 74 pl. in fol. Paper, $9.00. | SPorTiswoopeE. Elementary Theorems relating to Determi- 
Hf. mor. $12.00. nants. 4to. $1.50. 

Traité de Géométrie Descriptive. In 4to, avec atlas de | Stevenson. Treatise on Lighthouses. 90c. 

71 pl. Paper, $3.00. Hf. mor. $5,00, $6.00. SwinDELt. Well Digging and Boring. 30c. 

Analyse Appliquée a la Géométrie des trois dimensions. Tate. Exercises on Mechanics. With Key. 2 vols. $1.62. 
8vo, hf. cf. $2.25. | . Mechanical Philosophy. 8vo. $3.25. 

Liouvitte. Journal de Mathematiques pures et appliquées. | -. Materials. 8vo. $1.75. 

1836-1857. 22 vols. 4to, hf. cf. $150.00. TaTEe anp Steet. Dynamics. Post 8vo. $3.00. 
Loupon. Cyclopedia of Architecture. 8vo. $10. | Terquem. Nouvelles Annales de Mathématiques. Monthly. 
Manan. Civil Engineering. 8vo. | $4.00 per annum. 

Main AnD Brown. Indicator and Dynamometer. $1.40. . Nouvelles Annales de Mathématiques, 1856-7. 2 

Monce. Application de Analyse a la Geometrie. 4to, hf. 2 vols. Hf. calf. $6.50. 
mor. $10.50. TopuunteR. Analytical Statics. Post 8vo. $3.00. 

Traité éilementaire de Statique. 8vo, hf. mor. $1.75. | . Differential and Integral Calculus. 2 vols. Post 

Morin. Aide-memoire de Mecanique Pratique. 8vo. $2.00. | 8vo. $6.00. 

Mosety. Mechanics of Engineering. 8vo. | TREDGOLD. Strength of Materials. Edited by Hodgkinson. | 


Mutter. Physics and Meteorology. 8vo. $4.00. 2 vols. 8vo. $7.50. 


Navier. (Ketten) Hingbriichen. 4to. $5.00. | Tresca. Géométrie Descriptive. 8vo, hf. mor. $3.00. 


pion and Walton. 8vo. $2.50. 
Senate House Riders. Jamieson. 8vo. 
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| Ure. Dictionary of Arts, Manufactures, and Mines. 2 vols. 8vo., Watton anp Mackenzie. Solutions of the Cambridge Prob- 
$5.00. lems. 8vo. 1854, $3.25. do. 1857, $2.50. 
VaLtrE. Traité de la Science du Desin. Contenant la Theorie pee Problems in Elementary Mechanics. 8vo, cloth. 
Générale des Ombres, la Perspective Lineaire, la Theorie | 1858. $3.00. 
Générale des Images d’optique et le Perspective Aérienne | Warr. Dynamics, Construction of Machinery. 8vo. $2.87. 
appliquée au Lavis, pour faire suite a la Géométrie Descrip- | WuHEWELL. Analytical Statics. 8vo. $2.25. 
tive. In 4to, et atlas de 56 pl. Hf. mor. $5.50. | Wrespacn. Mechanics. 2 vols. 8vo. 
Veruutst. Traite élementaire des Fonctions Elliptiques. 8vo, | Wirurams. Practical Geodosy. Post 8vo. $1.50. 
hf. ef. $2.75. | Witme. Handbook for Mapping, Engineering, &c. 4to, plain, 
VieILLte. Cours complémentaire d’Analyse et de Mécanique. | $7.00. Colored, $12.00. 
8vo, hf. cf. $2.50. | Witson’s Dynamics. 8vo. $2.87. 
Vicat. On Cements. Translated by Capt. Smith. Wo rer. Tabula Reductionum Observationum Astronomica- 
Watton. Problems illustrative of Plane Codrdinate Geometry. | rum. 8vo. $3.50. 
8vo. $4.80. Woop. Practical Treatise on Railroads. 8vo, hf. mor. $4.00. 
Problems, Mechanical Collection of. 8vo. $5.50. | Wootnovuse. Weights and M:asures of all Nations. 30c. 
‘Problems in Hydrostatics and Hydrodynamics. 8vo.|———-———-._ Differential Calculus. 30c. 
$3.00. | WortHeNn. Appleton’s Handbook of Drawing. 8vo. 
On the Differential Calculus. 8vo. | Yvon, VittaRceav. Etablissement des Arches de pont. 4to. 
hf. mor. $5.00. 
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*,* Early copies of all the new mathematical books published in England and France will be re- 
ceived as soon as published. 





LIST OF BOOKS RECEIVED, 
FOR SALE, 


SINCE JANUARY, 1859. 


Astronomie. 4 vols. 8vo, hf. mor. $12.00. | the Practical Application of the Principles of Mechanics to 
Wrought Iron Girder Work. With numerous detail plates. 
| — Bvo. $4.75. 


Notices Biographiques. 3 vols. 8vo, hf. mor. $9.00- 


Notices Scientifiques. 4 vols. 8vo, hf. mor. $12.00. 


- i ManistreE. Cours de mécanique appliquée. 8vo. $2.00. 
Memoires Scientifiques. vol. 1. 8vo, hf.mor. $3.00. bitin 


MATHEMATICAL PROBLEMS and Examples of the Senate House 
Examination Papers, 1821-1836, with an appendix contain- 
ing the Senate House Questions for 1837. 8vo. $3.00: 


Voyages. 8vo. hf. mor. $3.00. 
s , ° Ay 2 ° | 
Bonnet. Lécons de Mécanique Elémentaire a l’usage des Can- 


didates a l’Ecole Polytechnique. 8vo. $1.25. tieaetii : an — - : “ae 
<a 2 ; | MontrerRIER. Encyclopédie Mathematique ou Exposition 
Brioscue. Théorie des Determinants, 8vo. $1.25. compléte de Toutes les Branches des Mathematiques d’apres 
Britisn NautTicaLt ALMANAC, 1861. 8vo. $1.00. les principles de la Philosophie des Mathematiques de Hoéné 
| Wronski. $13.50. 3vols. 8vo. To be continued in Monthly 

| 

| 


Livraisons. 





, 1862. S8vo. $1.00. 

CarmicuaEt. Calculus of Operations. 8vo. $2.75. 

Coompe. Solutions of the Cambridge Problems, 1840-1841. | OLIVIER. Cours de Geométrie Descriptive. 2 vols. 4to. hf. 
8vo. $2.25. mor. $10.00. 

| QUARTERLY JOURNAL of Pure and Applied Mathematics. No- 


Francoeur. Eléments de Statique. 8vo, hf: ef. $2.00. 5 
vember, 1858. No.1. Vol. 3. $1.50. 


Frost. Mathematical Questions of the Senate House Examina- | : ‘ ‘ P 
tion Papers, 1838 to 1849. 8vo. $3.00. | Rankine. Manual of Applied Mechanics, 1858. $3.00. 


4 > b 4 S: a N. i v4 S >C i . $s 5 . 
Ganor. Physique a usage des Gens du Monde, 308 magni- Sato. Conic Sections 3.50 


fiques vignettes. $1.62. | . Higher Plane Curves. $3.50. 
Jamin. Cours de Physique, de l’Ecole Polytechnique. 8vo. TeRQueMm. Nouvelles Annales de Mathématiques. Tomes VIII. 
$3.00. a XVII. Corresponding to the years 1849 to 1859. 10 vols. 


Latuam. Construction of Wrought Iron Bridges. Embracing ' we. ef. 

















LIST OF BOOKS PUBLISHED BY JOHN BARTLETT. 





TEXT-BOOKS USED IN HARVARD COLLEGE. and others. Edited by James Walker, D. D., President of Har- 


THE ORATION OF XSCHINES AGAINST CTESIPHON. | ROELKER. B. at ae Eeaeen yee enone 
With Notes, by Professor J. T. Champlin. 12mo, cloth. 88 cts. “ea =r S VR yr 


THE CLOUDS OF ARISTOPHANES. With Notes, by Professor Compiled by Bernard Roelker, A. M., Instructor in Harvard Uni- | 
4 a Sy 5 | 


C. C. Felton. 12mo, cloth. $1.00. versity. _12m0, cloth. $1.00. 


THE BIRDS OF ARISTOPHANES. With Notes, by Professor C. 

THE PANEGYRICUS OF ISOGRATES. With Notes, by Protes- [STOCKHARDI'S PRINCIPLES OF CHEMISTRY. Tustrated 

SELECTIONS FROM THE GREEK HISTORIANS. With in oe ee ee ee ee 

SECC TRONS ROT ee nmr. Re reRS. IN PROSE| THOMSON. OUTLINE OF THE LAWS OF THOUGHT. 
AND POETRY. With Notes, by Professor C. C. Felton. 12mo, 12mo, cloth. $1.00. 


cloth. $1.00. : | VERNON, EDWARD JOHNSTON, B. A. GUIDE TO THE 


THE AIAS OF SOPHOKLES. With Critical and Explanatory | | ANGLO-SAXON TONGUE. 12mo, cloth. $1.25. 


Notes, by J. B. M. Gray. 12mo, cloth. $1.25. WHATELY. LESSONS ON MORALS AND CHRISTIAN EVI- | 
PRONUNCIATION AND HISTORY OF THE GREEK ALPHA- DENCES. Edited by Rev. F. D. Huntington. 16mo. 75 cents. | 


BET. By E, A. Sophocles, Tutor in Harvard College. 12mo, 
cloth. $1.00. 
CICERO, M. T. BRUTUS. Edited, with Notes, by Professor C. MISCELLANEOUS. 
Beck. 16mo, cloth. 75 cents. 
CICERO. Immortality of the Soul; The Tusculan Disputations, 
Book First; The Dream of Scipio; and Extracts from the Dia- | 
logues on Old Age and Friendship. With English Notes, iy | 
Thomas Chase, Tutor in Harvard College. 16mo. cloth. 75 cents. | 
COOKE’S CHEMICAL PROBLEMS AND REACTIONS, to ac- VERSE. 16mo, cloth. 75 cents. 
company Stockhardt’s Principles of Chemistry. By Professor; COLLEGE WORDS AND CUSTOMS. By B.H. Hall. 12mo, 
Josiah P. Cooke. 75 cents. | cloth. $1.25. 


edition. $1 00. 


CONSTITUTIONAL DOCUMENTS OF ENGLAND AND AMER-! FOUR OLD PLAYS. JACK JUGLER, THERSYTES, PARDO- | 
rE, 


ICA, FROM MAGNA CHARTA TO THE FEDERAL CON-| NER AND FRERE, AND JOCASTA. 12mo, cloth. $1.25. 


STITUTION OF 1789. Compiled and Revised, with Notes, by| MEMORIAL OF RE ‘Vv. JOHN S. POP KIN, D. D. Edited by | 


F. Bowen, Professor of Moral Philosophy. 8vo, cloth. 88 cents. Cornelius C. Pion 16mo, cloth. $1.25. 
HODGES, R. M. PRACTICAL DISSECTIONS. By Richard M.| MEMORIES OF YOUTH AND MANHOOD. By Sidney Willard. 
Hodges, M. D., Demonstrator of Anatomy in the Medical Depart- 2 vols. 16mo, cloth. $2.00. % : 
ment of Harvard College. 16mo. $1.00. NORTON, ANDREWS. EVIDENCES OF THE GENUINENESS 
HORACE. With Notes, by A. J. Macleane, M. A. Revised and OF THE GOSPELS. Second edition. In three volumes. vo, 
edited by R. H. Chase, A. M. With Introduction to the Metres, cloth. $5.00. 
on Professor Charles Beck. Revised edition. 12mo, half mor. be? TON, ANDREWS. _ TRACTS CONCERNING CHRISTIAN- 
1.25. hes 8vo, cloth. $1.75. 
LATHAM’S ELEMENTARY ENGLISH GRAMMAR. Revised by |} PROMETHEUS AND- ‘AGAMEMNON OF SOPHOCLES. A 
Professor Child. With an Appendix, by President Goodwin, | Translation, by W. H. Herbert. 12mo, cloth, 75 cents. 


Trinity College. 16mo, cloth. 75 cents. TU c KE RMAN, EDWARD. SYNOPSIS OF NORTHERN LI- 


PEIRCE, J.M. ANALYTIC GEOMETRY. 8vo. $1.50. |< NES. vo, cloth. 


75 cents. 


REID, THOMAS. ESSAYS ON THE INTELLECTUAL POW- TUCKERM AN, EDWARD. ENUMERATION OF NORTH | 


ERS. With Notes and Illustrations, by Sir William Hamilton| AMER ICAN LICHENES. 12mo, cloth. 37 cents. 





PROCEEDINGS OF THE AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


FROM THE COMMENCEMENT. 


1848 to 1858. 13 vols. . 
1853 to 1858. Each, post paid 


AMERICAN EPHEMERIS AND NAUTICAL ALMANAC 


For the year 1855-1861. Each . $1.50 
Postage. 60 cents. 








JUST PUBLISHED. 
OUTLINE OF THE LAWS OF THOUGHT: 
A TREATISE ON PURE AND APPLIED LOGIC. 
BY WILLIAM THOMSON, D.D. 


PROVOST OF THE QUEEN’S COLLEGE, OXFORD. 


12mo. Cloth, pp. 347. Price $1.00. 


STEWART, DUGALD. ACTIVE AND MORAL POWERS OF | 
MAN. Edited, with Notes, by James Walker, D. D., President of | 


A COLLECTION OF FAMILIAR QUOTATIONS, WITH IX- | 
DICES OF AUTHORS AND SUBJECTS. 16mo, cloth. Third | 


AUTUMN LEAVES. ORIGINAL PIECES IN PROSE AND |} 
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BY CHARLES 


PUBLISHED BY A. 8. BARNES & CO., 


THE NATIONAL SERIES OF MATHEMATICS. 


DAVIES 


PROFESSOR OF MATHEMATICS IN COLUMBIA COLLEGE, N. Y. 


» BED, 


51 & 53 JOHN STREET, NEW YORK. 


> 





+ 


Elementary Course. 


Retail price. 
DAVIES’ PRIMARY ARITHMETIC & TABLE BOOK. $0 15 
DAVIES’ FIRST LESSONS IN ARITHMETIC. 
DAVIES’ INTELLECTUAL ARITHMETIC. 
DAVIES’ NEW SCHOOL ARITHMETIC. .. 
KEY TO DAVIES’ NEW SCHOOL ARIT HMETIC. 
DAVIES’ NEW UNIVERSITY ARITHMETIC. . 
KEY TO DAVIES’ NEW UNIVERSITY ARITHMETIC. 
DAVIES’ GRAMMAR OF ARITHMETIC. ° 
DAVIES’ ELEMENTARY ALGEBRA. ° 
KEY TO DAVIES’ ELEMENTARY AL GEBRA. 
DAVIES’ ELEMENTARY GEOMETRY & TRIGONOM. 
DAVIES’ PRACTICAL MATHEMATICS 


A. S. Barnes & Co. have the pleasure of announcing 
on ALGEBRA, by Proressor Davixs, entitled 


DAVIES’ 


This work is designed to occupy an intermediate place between 
his Elementary Algebra and Bourdon. It teaches the Science and 
Art of Algebra by a logical arrangement and classification of the 
principles in their natural order, and by illustrating their application 


Aiuaured Course, 


DAVIES’ UNIVERSITY ALGEBRA. . 

KEY TO DAVIES’ UNIVERSITY ALGEBRA. 
DAVIES’ BOURDON’S ALGEBRA. . 

KEY TO DAVIES’ BOURDON’S AL GEBRA. 

DAVIES’ LEGENDRE’S GEOMETRY. ° 

DAVIES’ ELEMENTS OF SURVEYING. 

DAVIES’ ANALYTICAL GEOMETRY. 

DAVIES’ DIFFERENTIAL & INTEGRAL CAL CULU Ss. 
DAVIES’ DESCRIPTIVE GEOMETRY. 
DAVIES’ SHADES, SHADOWS, AND PERSPE CTIVE. 
DAVIES’ LOGIC OF MATHEMATICS. 

DAVIES’ & PECK’S MATHEMATICAL DICTION ARY. 


Retail price, 


$l 25 
100 
1 50 
1 50 
1 50 

50 

25 

25 

00 

50 

25 


50 


Dnepwpenweee 


, that they have just issued from their press AN ENTIRELY New Work 


UNIVERSITY ALGEBRA. 


in an extended series of carefully arranged and graded examples 
It is well adapted for use in High Schools, Academies, and Colleges; 
the work being so divided and arranged that it may be studied in 


parts, or as a whole, forming a full and complete course. 





NATURAL PHILOSOPHY. 
PARKER’S JUVENILE PHILOSOPHY. : 
PARKER’S FIRST LESSONS IN PHILOSOPHY. 0 374 
PARKER’S COMPENDIUM OF SCHOOL PHILOSOPHY. 1 00 
The present edition of Parker’s School Philosophy has been cor- 


Price $0 25 


and improvements in the science up to the present time. 

It contains engravings of the Boston School set of apparatus ; 
scription of the “instruments, and an account of many experiments 
which can be performed by means of the apparatus, — and it is pe- 
culiarly adapted to the convenience of study and recitation. The 
work is immensely popular, and in very extensive use, more so than 
any other work of the kind. Jt has been recommended by the Super- 
intendents of Public Instruction of six States, and is the Standard Text- 


Book in all the principal cities of’ the United States, and throughout 
Canada West. 


sa <a FIRST BOOK OF PHILOSOPHY AND ASTRON. 
MY. . $0 50 
" "ahkan A. Nenvon, M. ‘A, Profeesee of Civil Eagincering 
in Yale College. Arr¢ unged upon the catechetical plan, and co- 
piously illustrated. Designed for Young Pupils commencing 
the study of the science. 

THE FIRST BOOK OF SCIENCE — Two Parts tn ONE. 
Part I. NaturaAt PuitosopHy AND Astronomy. Parr IL. 
CHEMISTRY AND ALLIED Sciences. By W. A. Norton and J. 

A. Porter, Professors in Yale College. 


$1 00 


signed to meet the wants of young persons who do not intend to 
pursue a complete course of academical study. It is designed for 
Public and Private Schools, and will be found admirably adapted to 
private study, and home instruction in familiar science. 


rected, enlarged, and improved, and contains all the late discoveries 


a de- | 


This volume treats of the elements of Natural Science, and is de- | 


| tained for 


BARTLETT’S COLLEGE PHILOSOPHY. 
BARTLETT'S SYNTHETIC MECHANICS. 
BARTLET?Y’s ANALYTIC MECHANICS. 
BARTLETT’s OPTICS AND ACOUSTICS. 2 00 
BARTLETT’s SPHERICAL ASTRONOMY. 3 00 
The above are the Tezt-books in the U. S. Military at West Point. 


$3 00 
400 


PORTER’S SCHOOL CHEMISTRY. 
First Book of Chemistry, and Allied Sciences, including 


an Outline of Agricultural Chemistry. By Pror. Joun A. Por- 
TER. Price 50 cts. 


Principles of Chemistry, embracing the most recent discov- 
eries in the Science, and the Outlines of its application to Agricul- 
ture and the Arts — illustrated by numerous experiments newly 
adapted to the simplest apparatus. By Jonn A. Porter, A. M., 
M. D., Professor of Agricultural and Organic Chemistry in Yale 
College. Price $1. 


These works have been prepared expressly for Public and Union Schools, 
Academies, and Seminaries, where an extensive course of study on this sub- 
ject and expensive apparatus were not desired, or could not be afforded. A 
fair, practical knowledge of Chemistry is exceedingly desirable, and almost a 
necessity at the present day, but it has been taught in very few Public or Union 
Schools, owing entirely to the want of suitable text-books adapted to simple 
apparatus, or such as could be readily obtained. It is confidently believed 
that these works supply this great want, and will be found in every respect 
just what is required. Boxes containing all the apparatus and materials nec- 
essary to perform all the experiments described in these books, can be ob- 
$8.00, by addressing A. 8S. Barnes & Co., New York. 
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PRESS. 
Prof. Peck of Columbia College is preparing an Elementary Work on MECHANICS. 























A COURSE OF NATURAL PHILOSOPHY. 


BY W. il. C. 


BARTLETT, 


PROFESSOR OF NATURAL AND EXPERIMENTAL PHILOSOPHY IN THE MILITARY ACADEMY OF THE UNITED STATES. 


DESIGNED FOR 


COLLEGES AND ACADEMIES. 


PUBLISHED BY A. 8S. BARNES & CO., 


4 


51 & 53 JOHN STREET, 


>» 


NEW YORK. 





¢ 


Price $3.00 
- 4.00 


1. Elements of Synthetical Mechanics. 
2. Elements of Analytical Mechanics. 


Price $3.00 
“2.00 


3. Spherical Astronomy. 
4. Acoustics and Optics. 


TO PRESIDENTS, PROFESSORS, AND TEACHERS. 


The undersigned respectfully invite your attention to the above Text-Books, and to 


the following 


testimonials in their behalf : — 


I. ELEMENTS OF SYNTHETICAL MECHANICS. | 


Mechanics is the basis of every course of Natural Philoso- | 
phy, and the source of all rational explanation of physical | 
phenomena. To the generality of students it has been a} 
forbidden subject, by reason of a want of sufficient prepara- 


tion in the calculus for its successful study. The aim of the | 


above work is to bring this groundwork of physics within | 
the reach of every one at all acquainted with the merest| 


elements of mathematics. 


II. ELEMENTS OF ANALYTICAL MECHANICS. | 
By the sameauthor. This is the same subject, but treated 


from a more elevated point of view. It assumes, on the 


part of the student, an acquaintance with the higher 
mathematics; and, in reference to its merits, we quote 
from Silliman’s American Journal of Science : — 


“Professor Bartlett has presented the American student with ‘a 
very complete and excellent introduction to the Science of Mechan- 
ics; a work in which the analytical or deductive method of investi- 
gation is systematically carried out, and is, at the same time, set 
forth in such a manner as to be intelligible to those who possess a| 
fair knowledge of the calculus, has long been needed. We bzlieve | 
Professor Bartlett's work is the only treatise in our language in | 
which this has been attempted.” 

“THE ELEMENTS OF ANALYTICAL MECHANICS, by Professor W. 
H. C. Bartlett, is a valuable contribution to our means of obtaining 
a competent knowledge of this branch of science. In it he has de- 
duced the laws of the movements of bodies on the principles of vir- 
tual velocities, instead of the parallelogram of forces, which is made 
the basis in most English and some French treatises. Combining 
this with D’Alembert’'s principle, which is shown to be but a gen- 
eralization of the Newtonian law of the equality of action and reac- 
tion, he deduces six equations for the motions of all bodies, and 
which contain the whole subject of Mechanics. It is a method 
susceptible of the most simple, precise, and prolific developments. 
It places the most vast and fruitful principles of science within the 
grasp of the tyro, and enables him to commune face to face with the 
great masters of Mechanics, with Lagrange and Laplace, with New- 


ton and Euler, with Huggens and Bernouilli.”” — Putnam's Monthly | 


Magazine, April, 1856, p. 439. 
Ill SPHERICAL ASTRONOMY. 
By the same author. 


The aims and merits of this work | 


are set forth in the following notices, also taken from Silli- | 


man’s Journal of Science : — 


“ This work is worthy of the present state of science, and, as a | 
text-book for the higher classes in colleges, it has no equal in this | 


country, and perhaps none in the language. The peculiarities of the 


| work seem to be these: instead of the geometrical explanations, to | 


which we have been accustomed in our astronomical text-books, of | 


various phenomena, such as the tides, the stations and retrograda- 
tions of the planets, their phases, and the changes of the seasons, the 
author deduces the effects analytically, and the explanation is con- 
tained with great neatness in the analytical formulas and their inter- 
pretation. The elements of the planetary orbits are deduced with 
much conciseness and beauty, the more difficult investigations being 
made in the Appendix, and their results introduced in the text. 
The great improvements of modern science in this particular are 


| here brought within the reach of every diligent student.” 


IV. ACOUSTICS AND OPTICS. 
By the same author. Of this work, Professor F. A. P. 
Barnard, the highest authority on all educational matters, 
says: “It is the most concisely luminous treatise on the 
subject in the language.” 
“The student is here presented with the second volume of a 


course of Natural Philosophy intended for the classes in colleges | 


and universities. 


The work complete will extend to three volumes, | 


of which the first, embracing Mechanics, has already been noticed | 


in the columns of this journal. 
tics, including the velocity, divergence, and reflection of sound; 
music, chords, intervals, and harmony; and Optics, exhibiting the 


The book before us treats of Acous- | 


laws of reflection and refraction; the telescope, microscope, camera- | 


obscura, and polarization of light. Emanating from the proud seat 
of science, the Polytechnic School of North America, such works 
need not the blazonry of praise nor the guerdon of critical encomium. 
The high standard of pure and mixed science at West Point, and 


the acknowledged excellence of Professors, constitute our best guar- | 


anty of merit.’’ — National Intelligencer. 


A. 8. BARNES & CO., 51 and 53 John Street, New York, 


Publishers of the National Series of Standard School Books. 





COLLEGE TEXT-BOOKS, 
PUBLISHED BY A. 8. BARNES & CO, NEW YORE. 


Davies’ System OF MATHEMATICS. 
Cuurcn’s CALCULUS. 

Cuurcn’s ANALYTICAL GEOMETRY 
CouRTENAY’s CALCULUS, 
HACKLEY’s TRIGONOMETRY. 


Day’s ArT oF RHETORIC. 

Boyp’s KAmEs’ ELEMENTS OF CRITICISM. 
Dwicut’s GRECIAN AND RoMAN MyTHOLOGY. 
Daviss’ DicTionNARY OF MATHEMATICS. 


























MATHEMATI 


By GEORGE R. 


CAL WORKS. 


PERKINS, LL. D,, 


LATE PRINCIPAL AND PROFESSOR OF MATHEMATICS IN THE NORMAL SCHOOL OF THE STATE OF NEW YORK. 





ARITHMETICAL SERIES. 


Perxins’s ARITHMETICAL SERIES embraces four text-books, 
which cover the whole ground, from the first lesson of the begin- 
ner in counting to the most abstruse and intricate operations 
embraced in the science. Their distinguishing features, as a 
whole, and the points on which their claim to superiority rests, 
are as follows : — 


1. They are complete. 
omitted. 
| 2. Each number follows that which precedes it naturally and 
easily, the step from one to another not being too great for the pupil’s 

comprebension. 

3. They are consistent with each other. The definitions and rules 
in the different numbers are, as far as practicable, in the same 
words, and similar modes of reasoning are employed throughout. 

4. They are philosophically arranged. 

5. They are inductive. General laws are deduced from individ- 
ual cases. 

6. They are practical, constructed with direct reference to the 
wants of the pupil when he shall enter on the actual business of life. 


lost in a mass of words. 

8. They present an unusually large number of examples. 

9. The examples, particularly those given first under the rules, do 
not involve tedious operations. 

10. Each rule is illustrated by every variety of example that can 
fall under it. 


11. The examples are so constructed as to require thought on the 
part of the pupil. 

12. “A principle once taught is not allowed to be forgotten. In one 
form or other it is made the subject of constant review. 

13. Finally, these Arithmetics teach the shortest, simplest, and 
most easy to be remembered modes of performing the different oper- 
ations of which they treat. 


I. PRIMARY ARITHMETIC. 18mo. 160 pages. Price 
21 cents. — This work presupposes no knowledge of Arithmetic. 
It commences with elementary principles, and lays a sure founda- 
tion for what is to follow. From the four fundamental rules it 
proceeds to Fractions. Next come Decimals and their applica- 
tion to Federal Money. 


Il. ELEMENTARY ARITHMETIC. 16mo. 347 pages. 
Price 42 cents. — From the Primary the pupil proceeds to the Ele- 
mentary, in which it is aimed to discipline the mind, to develop 
the reasoning powers, and to prepare the pupil for the advanced 
departments of Mathematics. In the author’s treatment of Vul- 
gar Fractions, Percentage, and Interest, his new method of find- 
ing the cash balance in Equation of Payments, and his improved 
mode of Extracting the Cube Root, he has certainly made a great 
advance on the other Elementary Arithmetics now before the pub- 
lic. 


Ill. PRACTICAL ARITHMETIC. 12mo. 356 pages. 
Price, Cloth, 62 cents, Paper Sides, 50 cents. — This work covers 
nearly the same ground as the Elementary, differing from it prin- 
cipally in presenting a greater number of examples. It may, 
therefore, either follow the Elementary, or be substituted for it. 
No other work offers the scholar such facilities for practice as this, 
| no less than 3,926 sums being given. 


KEY TO PRACTICAL ARITHMETIC. 
pages. Cloth. Price 75 cents. 


= 


12mo. 324 





7. Rules and explanations are given tersely. Their point is not | 


| IV. HIGHER ARITHMETIC. 12mo. 324 pages. Cloth. 
| Price 75 cents. — This is intended as a finishing book for those 
who would complete a thorough arithmetical course. It embraces 
all the more abstruse parts of the science, and develops its princi- 


ples to a greater extent than is usual with school-books on this 
subject. 


PERKINS'S ALGEBRAIC SERIES. 
I. ELEMENTS OF ALGEBRA. 


Nothing connected with the subject is | 


12mo. 244 pages. 


Price 75 cents. — Among the peculiar merits of this work, besides 

its simplicity, are the conciseness of its rules and definitions ; its 
| close and logical reasoning, which calls the powers of the learner 

into active exercise ; and the great number and variety of its ex- 
| amples, which afford every opportunity for extended practice. 


II. TREATISE ON ALGEBRA: Embracing, besides the 
| elementary principles, all the higher parts usually taught in Col- 
leges ; containing;moreover, the new method of Cubic and higher 
| Equations, as well as the development and application of the 
more recently discovered Theorem of Sturm. 8vo. Sheep. 420 
pages. Price $1.50.— What the Elements are to Common 
Schools, this Treatise is to Academies and Colleges. It will be 
| seen, from the title given above, that it is comprehensive and com- 
| plete. 
| 
| 


PERKINS'S GEOMETRICAL SERIES. 


| JI. ELEMENTS OF GEOMETRY, with Practical Applica 

tions. 12mo. 320 pages. Price $1.00.—In these Elements it is 

aimed to strip Geometry of its difficulties, and render it an attrac- 
| tive study. This is effected by giving a practical bearing to every 
thing that is taught. The pupil is not allowed to grope in the 
dark, and ask, ‘“ What is the use of these demonstrations?” As 
soon as a principle is explained, it is applied to the practical pur- 
poses of life by means of remarks, suggestions, and questions, 
added in smaller type. This original feature invests Geometry 
with an interest of which its apparently abstract character has 
heretofore deprived it. 


II. PLANE AND SOLID GEOMETRY : to which are 
added, Plane and Spherical Trigonometry and Mensuration, ac- 
companied with all the necessary Logarithmic and Trigonometric 
Tables. Large 8vo. 443 pages. Price $1.50.— This work is 
intended to follow the Elements, and gives an extended course in 
the higher as well as the more rudimental departments of the 
science, adapted for advanced schools and colleges. It is based 
on the admirable work of Vincent, revised by Bourdon, which 
has long been the geometrical standard in the French schools. 
All that is valuable in Vincent has been taken ; but the mathe- 
matical attainments and practical skill of Prof. Perkins are every- 
where exhibited in adapting, modifying, rearranging, and adding. 


PERKINS’S PLANE TRIGONOMETRY, and its applica- 
tion to Mensuration and Land Surveying, accompanied with all the 
necessary Logarithmic and Trigonometric Tables. 8vo. 328 
pages. Sheep. Price $1.50.— This work is remarkable for its 
simplicity, and bears throughout the marks of its practical origin. 
The beginner in the science and the proficient will alike find mat- 
ter of prime value in its pages. ‘The chapters on Land Surveying 
will prove of incalculable assistance to those who intend follow- 
ing this pursuit in life. The necessary Tables are furnished in an 
Appendix. 





D. APPLETON & CO., 346 & 348 Broadway, New York. 

















WORCESTER’S QUARTO DICTIONARY. 





+ 


PROPOSALS OF 


HICKLING, SWAN AND BREWER, BOSTON, 


FOR PUBLISHING BY SUBSCRIPTION, 


A DICTIONARY OF THE ENGLISH LANGUAGE, 


BY JOSEPH E. WORCESTER, LL. D. 


ONE VOLUME, 


QUARTO, 


LIBRARY EDITION. 





WE propose to publish a library edition of WorcEsTER’s QUARTO 
Dictionary for subscribers. It will be printed on extra fine paper, 
with large margin, a specimen copy of which may be seen at our 
counting-room. 

The work is now rapidly approaching completion, and we hope to 
publish it in May, 1859. It will be comprised in about eighteen 
hundred pages, and will contain a full vocabulary of the words now 
used in Literature, Art, and Science, together with such local and 
obsolete terms as are likely to be met with in writings that are now 
much read. 

In Orru0GRAPHY the work will represent the best usage both in 
this country and in England. 

The PRONUNCIATION of all the words will be exhibited by a sys- 
tem of notation which will be easily understood; and with regard to 
words of various, doubtful, or disputed pronunciation, the best 
authorities for the different modes will be given. 

In the department of ErymMoLoGy this Dictionary will be found to 
be more complete and satisfactory than any other work of the kind, 
giving, in a brief form, the results of the investigations of the best 
writers on this subject. 

The DeErtinitions will be fully and accurately discriminated, 
distinguished by numbers, and exemplified, whenever practicable, 
by citations from the best authors. 
the aim has been to take such as should be valuable for the thought 
or sentiment they express, so that this Dictionary will present, in a 
convenient form for reference, a rich collection of the maxims and 
gems of the language. 


the work. Very few, even of the best speakers and writers, become 
so thoroughly inasters of their native language as never to experi- 
ence embarrassment in discriminating between several expressions 
nearly related. It is to help in overcoming this difficulty that Dr. 
Worcester has prepared, in connection with those words which 
seem most to require it, a notice of the synonymous terms, show- 


In the selection of examples | 


| which will be the retail price for the common edition. 
| scribing will therefore secure the library edition at the same price 


ing, at a glance, the distinctions to be observed in choosing among 
them. 

The grammatical forms and inflections of words will be given 
more fully than ever before in any English Dictionary, and brief 
critical notes on the orthography, the pronunciation, the grammat- 
ical form and construction, and on the peculiar technical, local, pro- 
vincial, and American uses of words, will be found scattered 
throughout the volume. 

The ILLustRations by wood-cuts, of which there will be about 
twelve hundred, beautifully executed, will form, another novel and 
useful feature of this Dictionary. There are many terms, the ver- 
bal explanation of which, however carefully made, will convey a 
much less correct idea of their meaning than a pictorial representa- 
tion, and accordingly it is proposed to adopt this method of exem- 
plifving the definitions in all such cases as seem to require it. 

Much important and useful matter will be given in the Introduc- 
tion on the following subjects: — The Principles of Pronunciation; 
Orthography ; English Grammar; the Origin, Formation, and Ety- 
mology of the English Language ; Archaisms, Provincialisms, and 
Americanisms ; ani the History of English Lexicography; with a 
notice of English Orthoepists, aud a Catalogue of English Dictionaries 
of the various Arts and Sciences, Encyclopedias, &c. 

In an Appendix will be added Walker’s Key to the Pronunciation 
of Classical and Scripture Proper Names, much enlarged and im- 
proved; a Pronouncing Vocabulary of Modern Geographical Names; 
a Collection of Phrases and Quotations from Foreign Languages ; Ab- 


| breviations used in Writing and Printing, &c. 
The treatment of SyNonyMEs will form a very valuable feature of | 


The price of the library edition, on extra fine paper, will be $7.50, 
Persons sub- 


that they would be obliged to pay for the common edition after its 


| publication. 


Those persons who désire to become subscribers to the work can 
do so by application to the publishers. 





WORCESTER’S SPELLING-BOOK. 





WE ALSO RESPECTFULLY INFORM TEACHERS AND SCHOOL COMMITTEES THAT WE PUBLISH A 


PRONOUNCING SPELLING-BOOK 


OF THE ENGLISH LANGUAGE, 


BY J. E. WORCESTER, LL. D. 


THE orthography and pronunciation of Dr. Worcester’s Diction- 
aries represent the best usage of the English language. The Spel- 
ling-Book presents the same system, and Teachers throughout the 
country will welcome its appearance. It is the most accurate, com- 
prehensive, and complete Spelling-Book ever published. Since its 


publication it has been introduced into use in the Public Schools of 
New York, Boston, Charlestown, Washington, D. C., West Roxbury, 
Thomaston, Waldoboro, Wiscasset, Dedham, Fall River, Newport,&c. 

>> Copies will be furnished by mail for examination, on the re- 
ceipt of 12 cents in postage stamps. 














ANNOUNCEMENT. 


WE are at present able to announce, that the following Series of Papers and 
Treatises will appear in the Mathematical Monthly. Some of them are already in 
manuscript, others in course of preparation; and all of them will be commenced at 
the earliest practicable date. 


I. A Series of Papers on the Application of the Doctrine of Probabilities to 
Vital Statistics in the Construction of Life and Population Tables, and in the 
Solution of important Monetary and other practical Problems, involving Life Contin- 


gencies. By E. B. Extiort, Esq. 


II. On the Motions of Fluids and Projectiles relative to the Earth’s Surface. 
By Prof. Ferret. 

III. A Series of Papers on the Theory of Least Squares, with Practical Ap- 
plications. By J. E. Hirearp, Esq. 

Iv. A Treatise on the Elements of Plane Geometry. By Rev. Tuomas 
HI. 

V. A Treatise on Curves of Single Curvature. By Rev. Tuomas Hirt. 

VI. A Series of Notes on the Calculus of Probabilities. By Suton Newcomr, 
Esq. 

Vil. A Treatise on Determinants. By James Epwarp O iver, Esq. 

VIII. A Treatise on Analytic Morphology. By Prof. Bensamin Perrce, 

IX. Researches in the Mathematical Theory of Music, By Truman Henry 
SarrorD, Esq. 

X. A Treatise on One-Plane-Descriptive Geometry. By Witt1am Watson, 
Esq. 

XI. A Treatise on the Calculus of Operations. By Prof. Gzorce C. Wuit- 
LOCK. 


Besides the above, we have received, either in manuscript or by title, a large 
number of notes and papers upon nearly as large a variety of subjects; so large, 
indeed, that there is not the least doubt about our being able to execute the proposed 
plan of the Monthly in all its details. The only difficulty will be a want of space ; 
but this we shall remedy by increasing the number of pages, just-as fast as the 
subscription will warrant. To this end, we trust that all interested will take such 


measures as they think best to increase its circulation. 

















PHILOSOPHICAL 
INSTRUMENTS AND APPARATUS, 


MANUFACTURED AT 313 WASHINGTON STREET, BOSTON, 
BY E. S. RITCHIE, 


FOR ILLUSTRATING THE SCIENCES OF 


Pneumatics, Electricity, Chemistry, Optics, Hydrostaucs, Hydraulics, 
Steam, Magnetics, Acoustics, Mechanics, Astronomy, Mete- 
orology, &c., with over 600 pieces; also, Mathe- 
matical and Engineering Instruments. 


Each article is warranted perfect. In designing the form, simplicity, as well as combina- 
tion of parts in the formation of new Instruments, is carefully studied; and to this end 
only two sizes of screw connections are used. 

Ritchie’s Illustrated Catalogue, which will be sent by mail on application, contains cuts 
of over 200 pieces, including his improved Air Pump, Electrical Machine, Ruhmkorff and At- 
wood Apparatus, &c., the University of Mississippi Electrical Machine, having two six feet 
diameter plates and four pairs of rubbers; also, sets made up to assist purchasers in selecting, 
at prices from $100 to $1,250 per set; and commendatory letters from eminent Physicists 
in various parts of the country who are using his apparatus. 


WILLIAM BOND AND SON, 


17 CONGRESS STREET, BOSTON, 


Chronometer Makers to the Anited States Government, 


HAVE FOR SALE 


A Complete Assortment of Marine and Sidereal Chronometers, 


ASTRONOMICAL CLOCKS FOR OBSERVATORIES, 


WITH THE MOST APPROVED DESCRIPTION OF COMPENSATING PENDULUMS. 


They also manufacture the Spring GoveRNoR APPARATUS, for recording Astronomical 
Observations by the aid of Electro Magnetism, known as the American Method, and adopted 
at the Washington and Cambridge Observatories in the United States, and Greenwich and 
other Observatories in Europe. 


Ax itcuomical Instruments, Transits, Telescopes, &c., 


Of the usual description. Also, those for use at fixed Observatories, of larger dimensions, 
imported to order. 











